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EXPLANATORY PREFACE. 

THE study of Plant-life lias, for many years, been one of the 
keenest and most unfailing pleasures in my life. 

The companionship of all the green things on the earth has 
always been felt by me to be a very real one; and the 
loneliest of country walks becomes bright and cheerful when 
one's little friends peep out from the hedge-rows, or look up 
from the short clownland grass as if expecting a nod and a 
word of recognition and greeting. 

I took the trouble, during one summer, to become person- 
ally acquainted with every species of the umbelliferous family 
which grew anywhere within reach. No very easy task ; but 
I have been amply rewarded by the pleasant conviction that 
they are my fast friends for life, and warmly appreciate iny 
discriminating glance of recognition, in place of the usual 
careless look and hasty generalisation under the very com- 
prehensive (as thus applied) term of " Hemlock ! " 

It is, however, worth while trying to know something more 
than the names of one's little friends ; to enter into their 
lives, and to understand their constitution and manner of 
growth ; to appreciate their marvels of mechanism and 
symmetry, and to trace out the same laws and the same 
central plan and idea running through their simple existence 
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and our own more complex life. The pleasure of these studies 
and observations is a specially wholesome and elevating one ; 
it braces, and yet soothes; it carries the mind away from 
itself arid its own narrowness, and leads it out into the broad 
and breezy fields oi' natural science, whose wonders and 
delights are ever new, and can never weary or pall, for they 
are infinite. Like all pure and wholesome pleasures, this one 
soon prompts the mind which enjoys it to seek for sharers in 
its happiness. It is so natural and right to desire that others 
should sympathise and enjoy with us. 

Children are, very near to .Mother Nature's heart:-. She 
loves thorn, and they return her love with a delightful, ardent 
aiTectioii. Could anything be easier than to in! erest a little 
child in botany, if only one does nut- use. hard, incompre- 
hensible terms, and if one allows the young eyes and lingers 
to work for themselves ? Yet how many little village children, 
wandering through country lanes and iields, miss the precious, 
simples pleasures, inestimably beneficial in their purifying, 
elevating, and broadening' elleets upon the mind, which, lie 
scattered along their path, in every little weed and wayside 
liower ; each one of which, rightly understood, is like a 
beautiful story or poem, told In Mother Nature's own attrac- 
tive, fashion. 

This pleasure, at least, need not. be confined to children 
born in the so-called Cupper classes " ; aud with these: 
thoughts in my mind, 1 began, in my leisure moments, early 
one spring, to wake careful notes and preparations for a 
course of lessons to village, children, which I hoped might 
awaken their interest- in the dear green world around then 1 ), 

ji.nrl f.AJTL^h them imw in lisdffi I'm* Nri.i H rt^st \tt iirt :i,mi in ti-'i.fc'h 
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; her at work, intelligently, and with a fair hope of compre- 

hending her. 

The lessons were given in the summer of 1 894 to a small 

' class of village children, boys and girls ; and the result 

encouraged me to believe that, with a little help and teaching, 

a little patient guidance, and a spark of enthusiasm on the 

part of some leisured lover of Nature, many a little soul might 

be led to make a friendship with the " Great Mother " which 

I should last its life, much to its own happiness and advantage. 

I In the hope that some may be induced to undertake this 

I f : charitable work, and may find my simple programme for a 

I first course of lessons useful, I have amplified my notes and 

(, written them out in a more or less complete form, as they 

might be delivered. I may venture to suggest that it is my 

experience that anything which appeals to the eyes, as well 

as to the understanding, will be of the greatest service in 

* interesting children and fixing their attention. 

I; It would be well to procure, if possible, three photographs 

;' of the same person at various ages, as suggested in the course 

of the first lesson. 

% I found niy microscope invaluable ; and keen interest was 

.aroused by the gift of a few peas, with the request that the 
children would keep them in damp moss until they germinated, 

4 and bring them back at the following lesson. 

At the end of each lesson I append a note to the teacher, 

i suggesting some small task which might be set to the children 

I in the interval between the lessons, as a means of keeping 

their interest alive and of awakening their powers of obser- 
vation. Of course it would be optional with the teacher to use 
these suggestions or not. 



viii EXPLAN ATOHY PREFACE. 

My aim throughout these pages lias been to attain the 
utmost; simplicity, so that every detail may be clear to tlie 
mind of a young- child, and at the same time such careful 
accuracy that nothing learnt here Khali over have to be 
unlearned. I can only hope, that, in some measure at least, I 
may have succeeded. 

E. II. G. 

Man-It 1896. 
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P A B T I, 

LESSON I. 
LIFE AND ITS SIGNS. 

You have come to me, clear children, to hear something about 
plants. You want to know about their life, their habits, their 
needs, and their uses. I think I can promise you it will not 
be dull. I hope to show you how to enter into their lives, 
to sympathise with them, and to enjoy them in quite a new 
way. 

But before coming to this, our own, subject we must talk 
a little about life in general. 

You, children, have something to say about this, for you 
are some of Life's children, are you not ? In other words, 
you are alive. 

How do I know this ? How can you prove to me that you 
are really living creatures ? 

If I watch and observe you for a little while I shall soon 
have three proofs which will be enough to convince me of 
the fact. 

Mary, what has happened to the sleeves of your frock ? 
Have you. cut a piece off them. ? I know they were long 
enough when it was made for you, and now they are right up 
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" Oh, it's because I'm growing so fast,! I Ye nearly ont- 
L f rown my frock al t< >iret h< T !" 

Then it is you who have altered, and not the frock? You 
grow; Hint is, your body gets larger in every direction, 
Does it. alter in any otlier way ? 

Just look a moment at these three photographs I have 
brought with me. Ke this one first. 
** Oh, what an ugly little baby ! " 

Well, yes! I can't say much for the poor little bald- 
headed creature. BuJ now look at this. 

a How sweet ! What a pretty young lady! " 
Yet she. is the very same person, as the little bald-headed 
baby! How she has dumped, has she not? You wouldn't 
know her again. 

Now see this third photograph. 

u It is quite un old lady with such a wrinkled face. Wo 
don't, like it. as well as the pretty young lady ! " 

Yet. she is the same person ; and she and t-lu^ little bald- 
headed baby are. one ! it is funny, is it not? 

How these bodies of ours do diange in appearance.! Not 
only while* we art* younjj, and people^ say: "How she lias 
grown! .1. shouldn't know her!" Hut all through life the 
process of change goes on. 

This is what; is really happening. All day long and every 
minute little tiny particles of your body are dying. You 
may think of them as the ashes of a fire which has burnt 
up a piece of coal or wood and leaves behind that which 
it cannot* use. The fire is like your life; the white, ash 
IK the used~up particles of your body, which must bo got 
rid of as quickly as possible. Your body has many 
tnost beautiful and wonderful arrangements for doing 
that. Your skin, with its countless tiny invisible " pores " 
or little, openings, is one of Nature's plans for carry- 
imr Awav all the dr.'id. waste* matter of our bodies. That* 
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wise the little pores will be choked, and it cannot do its 
work. 

But now you are half frightened! You think that if 
these tiny particles of your body are dying every moment, 
it is rather a serious business, and you will soon be dead 
altogether ! 

Well, so you would be indeed if no new particles to take 
their place were made. 

But every moment you are growing new tissues, as we 
say; making new flesh, new skin, new substance, to take 
the place of the used-up, dead matter which you are casting 
off. In seven years time you will have changed your whole 
body in this gradual way. The one you are wearing now 
will be all dead and gone, and you will have quite a new 
one ! You see our body is only like a dress for our soul, a 
clothing of substance within which the invisible spirit may 
dwell, and Nature gives us a whole new dress every seven 
years ! Only she does it by very slow degrees, so that there- 
is no danger of our waking up one morning with a new body, 
which would certainly be startling! We only go on 
gradually, from day to day, shedding our old body in 
many silent ways, and forming daily new tissues ; until 
our friends look at us and say : " How you have grown ! " 
or, " How you have changed ! I should not know you ! " 
And here is the first proof which convinces me that you 
live. 

<T I see that you grow. 
\ And growth is a sign of life. 

II. But now, tell me, children : can we create ? that is, 
can we make something out of nothing ? 

No. We have not this power. God has given us the 
power to convert or change one thing into another, but 
not to create. Then, if we are continually casting off dead 
particles of our body and having to replace them with new 
substance, what are we to do it with ? 
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It is clear wo must take in something i"or the purpose. 
You can tell trie, I am sure, what wo Lake in ? 

What did you have for breakfast to-day? I suppose you 
" took in " a fair quantity of both food and drink ? 

Every moment I see your little chests moving--- -heaving 
gently up and down ; what are you doing ? 
" Breathing, of course ! " 

Yes, yon are breathing; in oilier words, "taking in" air. 
Food, water, air. These are the raw materials, as wo may 
say, out of which our bodies are made. 

But is it enough to take them in, merely ? Is a piece of 
bread and butter or a potato like your flesh ? No ; you will 
have to convert or change it, and make it like your 
body, and then add it on to your own substance and so grow 
by it. 

There are two Latin words " ad" and " ,s/////7/N " ; the latter 
means "like" and the former "to." Together, you see, they 
will mean "like unto.'* We have a word which comes from 
them. It is a long word, but 1 want you to try to remember 
it. Assimilation, or making like. You must not merely 
take in food for your body, but must also assimilate it, or 
change it into a like substance with the rest of your body, or 
it will be of no use to you. You do this, you know, by your 
organs of digestion principally. 

I The power of assimilation, or of taking in substances, 
! feeding on them, and "making them, like" the body that uses 
- them is a second sign of life. 

: I see that you grow. I see that you assimilate food, water, 
etc., and I am doubly sure that you are alive. 

III. There is a third sign of life, however, which I am very 
conscious of in you. It is the one easiest to see, usually the 
/ first to be thought of. I wonder if any of you, could sit abso- 
lutely still for ten minutes ! I doubt it ! To judge by your 
continual movements, you are very much alive. 
Motion is a third sign of life. Motion, that is, without 
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any outside force to produce it. There is no life without 
some movement ; although in Nature there is certainly much 
movement without life. 

If we observe movements in any natural object, and are 
unable to account for them otherwise as being produced by 
a known force or law of inanimate Nature, we are led towards 
the conclusion that they are caused by life, and, in fact, 
that the object is alive. 

I want you to notice two kinds of motion in our own 
bodies. 

(1) Movements made by the will of the person moving; 
as when you lift your arm, nod your head, open your 
eyes. You do these things intentionally, and you need 
not do them unless you choose. We call these volun- 
tary movements. 

(2) Movements made without the will of the person 
moving; as when your heart beats, your lungs act, your 
blood flows, producing movements in your body which 
you cannot control. I once knew a little boy who said 
he could stop the beating of his heart ; but when chal- 
lenged to prove it with my hand over his heart, he looked 
rather foolish ! 

We call these movements which we cannot control 
reflex movements. 

We have thought now of three signs of life. Three ways 
of proving that you are indeed amongst the number of Life's 
children. 

What are they ? 

Growth, Power of Assimilation (you remember 
the meaning of that long word, don't you ?), and Motion. 
Keep these in your minds. We shall want them when ^ 
we come to prove that plants are no less than you really ( 
and truly alive. 

But now consider with me for a few moments what other 
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earth of ours. Mention any other living brings yon can 
think of. 

(*T U A dog; a fowl; a snake ; a fish ; an oyster; a worm. 7 ' 
Good. These arc all forms of animal life. Is their life, 
quite like ours? They all agree with us in showing the three 
signs of life we have spoken of: growth, power of assimila- 
tion, and motion. And their movements are of both kinds 
voluntary (with their will and intention) and relic x (without 
their will or control). Let us note sonic differences, however. 
Are worms or oysters, fishes or snakes, warm to your touch, 
like the fowl or the dog? Do they take the care for their 
young that is shown by the hen, which hatches her eggs with 
such patience, or the dog, which devotes herself to her help- 
less puppies ? 

Can a hen count, and will she know if you remove one of 
her eggs? 

Can even a dog use its brain as we can, do difficult sums, 
or take in ideas of things he has never seen ? No. His form 
of life is lower than ours. That of a lish is lower than his; 
that of an oyster lower still. 

Is there any lower form of living beings, differing From 

these, and less gifted than the earth-worm ? Yes, there are 

^ a vast number of animals far beneath the earth-worm ; and, 

: beneath these, we come at last to plant-life ; vegetable 

1 life, as scientific men say. 

The worm, and even the oyster, has the power of rnove- 
ment at will. The latter opens and shuts his shell inten- 
tionally and consciously. 

I Plants have no such power, we believe, in spite of curious 
(examples of reflex action, which we must speak of later on, 
> when I tell you of the sensitive plant, the little lly-catching 
sundew, etc. 

This "vegetable life" is, then, on the whole, a lower form 
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sicmS we have spoken of : Growth, Power of Assimilation and >. 
Mot I Looked at thus, we may see that plants are truly 
our fellow creatures, created, like ourselves, by the grea* 
father in Heaven, even though they belong to a lower form 



lobe cauterised for some bodily trouble, he begged toother 
fire " to be gentle with him ! 

SUGGESTIONS TO THE TEACHEB. 

Lct the teacher, as a preparation for ^^^ 
a *,, pea,, and tell them to put f^^^ 
(The peas might he soaked foad ^ pr Tf the children are old enough, a 

description o a ser " 
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LESSON II. 
GROWTH. 

You will remember, children, what was the first of the three 
signs o life which, we spoke of in our last lesson ? It was 
growth, was it not ? You have not, I am sure, forgotten 
the little bald-headed baby, and how it. grew, so that you 
could not recognise it. 

Well, we are to speak to-day about the growth of plants. 
But we cannot wholly separate this from their assimilation 
of food, or from motion, which are to form tho subjects of 
future lessons. However, we shall keep as closely an we can 
to the subject of their growth to-day. 

Infancy. The Plant in the Seed. Lot us go right 
back to the babyhood of the plant ; see it in its cradle, so to 
speak. Children, how did each of you begin life ? 

As a tiny helpless infant, fed by your mother, did yon 
not? 

Yes. And the dog, the cat, and the rabbit all began life 
in much the same way, did they not ? 

Now how about a bird ? a fish ? a snake ? 
.{ They were hatched from an egg you say. So they were. 
And -this seems a little more like the beginning of plant-life. 
Let us take a bird's egg and a seed that of a buttercup, for 
l instance and compare them. The egg has a firm shell, and 
the tiny seed is protected by a horny, shiny, outer covering, 
which, however, is entirely separate from itself. 

Inside the shell of the egg is a thin skin. 

Inside the outer covering dwells the little seed, wearing a 

--- 
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Within the egg itself I find a small speck, which is the 
first beginning or germ of the little "bird which is to 
be gradually formed in that egg. 

Cutting the seed open I find one tiny "dot which is the 
minute future buttercup plant, all folded up. 

Closely pressed against the speck in the egg, and ready to 
be " assimilated/' or taken in by that speck as it gradually 
FIG. i. 





Head of buttercup fruit, cut in. 
half to show tlie achenes* bettor. 
Slightly enlarged. 



Acheue of buttercup 
opened. Tho seed within 
its horny covering. 

Much magnified. 



grows and develops, is the golden yolk, which is the food of 
the tiny bird until it comes forth into the world. 

Round the wee folded germ of the buttercup is a hard, 
white, floury substance, which is the food of that tiny plant 
till it can shift for itself. 

Thus we see that the birdie's egg and the seed of the 
buttercup bear a striking likeness the one to the other. 

And are all seeds just like this one ? Let us try. Examine 
a broad bean. Or a pea will do equally well if easier to get. 
The pod, you see, does duty for the protecting shell ; what a 
soft downy lining it has ! Dainty, luxurious bean ! Well 

* Ackene is the botanical name for a dry, one-seeded vessel, which does 
not split open of itself when ripe; such are the seed-vessels of the buttercup. 
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may the French make their word for " comfortable " " well- 
provided-for," from their word for a pod ! Could anything 
"be more cosy ? Now here is the shiny bean. Help him off, 
please, very carefully with his varnished, skin-coat. What 
do you see inside ? 

Whero is the white floury 
substance ? Where the tiny, 
dot-like future plant ? 

Ah, what have you done 
now ? No, don't look so 
startled. You have not broken, 
it in two. See, it opens 
naturally by a little hinge, 
and divides into two fat halves, 
with a tiny little body pressed 
between them. 

Can you guess what these 
two thick sides of the bean, 
really are ? Perhaps you will 
hardly be able to believe me 
at first, when 1 tell you that 
they are only the first pair 
of leaves of the young bean 
plant, the rest of whoso dimi- 
nutive body is squeezed up be- 
tween them. 

" But they are so fat and 
whitish, and leaves are usually 
so thin and green." 

Yes, they tm: fat ; but do 
you not see what their fatness really is ? 

In the buttercup the little embryo, as we call the baby- 
plant, was surrounded, as we saw, by a floury, white sub- 




a. Broad bean with seed- skin re- 
moved, pulled apart to show the 
" little hinge." r. Badicle. p. 
Plumule. 

b. Broad bean in half. One of 
the u fat leaves." 



THE FOOD IN TMK YOUNG .I5K AN- PLANT, II 

" white "). This was (he food of the. tiny plant), yon 

remember. 

But where is the food of the little bean-plant ? 

All the seed-skin is filled up with the embryo, or young 

plant ; there is no perispenn or albumen. Where is the food ? 
Look at the two thick sides of the. bean, which, as I have 

told you, are really the first pair of leaves. There is the food, 

stored away in the little plant itself, in those quaint, fat, 

most un-lealliko leaves. 

Can you think of any other seed like the bean ? Have you 

never played with acorns, I wonder, and pretended that the 

two yellow halves of the skinned seed were pats of butter ? 

Certainly they are most unliko leaves ! Yet such they truly 

are ! And, indeed, when, any seed divides readily into two 

halves, like the acorn or the bean, you may always suspect 

that they are truly a pair of leaves, JJut you want to ask 

something ; what is it ? 

14 We understand why those funny leaves are fat ; but why 

are they yellow or white? why arc they not green. ? 

This is a wise question, and 1 must answer it more fully 

later on. 1 can only just explain to yon now that the gT66H 
leaves are the kitchens of the plant, where all the food is 
cooked at the great sun- (ire. Now the food in the acorn and 

the bean has already been cooked and prepared by the mother 
plant on which the bean or the- acorn grew ; so it does not 
want cooking again. Therefore these leaves are store- 
rooms, not kitchens, and they stay underground and do 
not turn green. 

There is one more class of seeds that I want you to examine. 
The wallflower and the turnip, amongst many others, belong 
to this class. Let us take a pod of the common wallflower. 
It is ripe, and splits open of itself, showing the pretty trans- 
parent partition inside, which divides the rows of aeeds from 
each, other. The seeds are small, but with care I think we 
can get one of them out of his jacket. 
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Now what do you see ? 

"Why, it looks like a little plant, with two thin yellowish 
leaves, and his tail is turned back like a squirrel's, close to tho 
edges of the leaves." 

That little pointed " tail," as you call it, is the tiny root of 
the baby plant, and it is funny to see it tucked up so neatly 
and carefully. The leaves look yellowish-white now, but if 

you had put this little seed 
into the ground and allowed it 
to germinate, they would have 
come out of their brown cover- 
ing not yellow but green. 
Try the experiment and see. 

But now let us examine 
this pretty winged seed of 
the maple, which we must put 
in the same, clays (from the 
point of view of the provision 
of food for tho little embryo) 
as the wallllowor. 

What do we see here ? 
"Oh, it is a dear littlo 
green plant with its leaves 
so prettily rolled up. But 
where is the food ? Why 
are the leaves green and thin ? 
Did you not tell us that the 
leaves of the beau were fat 
because they were full of food for the little plant, and win to 
because the food was already cooked ? But these leaves 
are green and thin ; how will the little plant live then ? " 

Patience, children, and I will answer. You are right this 
poor little plant is apparently less well provided for than the 
comfortable buttercup embryo in its bed of albumen, or the 




a. Wallflower seed magnified. 

b. and c. Embryos of wallflower 
seed germinating ; testa (or seed- 
skin) removed. 
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laid up for it by its parent plant ; and, like poor little waifs 
and strays of London, it is early turned out to shift for itself. 

But now, observe ; with the necessity of shifting for 
itself Nature gives the capacity, or power, to do so. Why is 
it green, do you ask ? Just because it has got to cook its own 
dinner, and, as I told you, only green leaves can do that. 

As soon as ever it breaks out of its seed-skin, or "ger- 



Fro. 5. 



Fro. 6. 




The wiupjod H<>,o<l of the maplo. Hiubryo of maplo-soed, magui- 

Natural HI" HO. iiod. To show the mannor of 

folding;. 

<t. Tip of radiolo. 
b. Tip of cotykulons (or first 
seed- leaves). 

minates " as we say, those small green leaves will begin work. 
The little root will hurry to provide the raw food out of the 
damp earth, and the green leaves will cook it at the great 
sun-fire, and so the small plant will, from its earliest infancy, 
be self-supporting. 

How wonderfully Nature provides for all her children, does 
she not ? and yet how differently she treats them. Some she 
seems to pet and coddle, sending them into the world with 
supplies of ready-cooked food, like the dear, wee, baby fish 
(trout fry) that I once saw, which were hatched each witna 
little bag of food attachecjjo him, so that he might have time 
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to look about and see what a nice place this world is before 
he had to think how he should get his dinner. 

Others, again, like this poor little maple, or the wallflower 
seedling have got to set to work almost as soon as they are 

born ! 

But then, you see, Mother Nature knows what is best for 
each, and fits him for his work and place. 

Now we have spoken of three classes oE seeds. 
Let me see if yon can remember them. 

/} (i) Those with albumen, like the tiny buttercup in his bed 
I* of white floury food. These we must call albuminous 
I seeds. 

I (2) Those without albumen, but with thick seed-leaves, full 
I of stored-up food, like the bean and the acorn. 
j (3) Those without albumen, and with thin seed-leaves, which 
contain no store of food to support the baby plant, like the 
independent little wallflower and turnip. These last two 
classes we must call ex -albuminous, which means " with- 
out albumen." 

But now, children, yon must not expect that all seeds 
which you may examine for yourselves will go quietly and 
without giving any trouble into one of these three classes. 

Life's children are not like that ; they won't be labelled 
neatly and put away in packets #s easily as buttons and tapes. 
Some of them will give you trouble/ 

How would it be if I tried to divide all of yon children 
into two classes: '* good" and "bad" ? James is certainly 
" good JJ and Fred is " bad," but what about Tom ? lie really 
is not a good boy, and yet I can't call him positively bad 
either ; I suppose we must make another class for him. But 
then how about Frank? He is not quite so bad as Fred, 
yet not so good as Tom ; must lie have a class to himself 
also? Oh! this won't do at all. Yon see it would be 
endless. 
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will all agree with one or other o the three types I have given 
yon, but often you will be puzzled by the way in which one 
class will seem to melt into another. 

There may be a large embryo with just a little albumen, as 
in the nettle or the mallow seed ; or a tiny embryo with mucli 
albumen, as we have seen in the buttercup. The leaves of 
the embryo may be very thielt, as with the bean ; rather Jlcslvy 
like those of the sunflower ; or quite thin, as in the case of 
the wallflower. You will find endless variety; but if you 
think of the three types of seeds which we have set before 
us, and try to remember, and also to look for yourselves how 
Mother Nature has provided for each, I think you will soon 
be able to understand something about her plan and intention 
for every little seed you examine, and to see how she has 
fitted and prepared each for his place. 

SUGGESTIONS TO THE TEACHER. 

Let the teacher encourage the children to make a collection of different 
seeds, putting them, as far "as they are able, after examination, into the 
three classes described in the lesson. 

A reward might be offered for the best collection, best arranged under 
the three classes. 



LESSON III. 

GEOWTH (continued) THE CHILDHOOD 
OF PLANTS, OR SEEDLING LIFE. 

AFTER, all, in our last lesson, we never even saw our little 
plant " out of the egg-shell, " so to apeak ; n^ver arrived at 
the first beginning of its growth ! We spent all our time in 
observing Nature's preparations for the happy hour when the 
yonng plant should come forth from, its death-like sleep in 
the seed, into light and life, and the sunshine and air of this 
bright world ! 

We must hasten on now and bring our little embryo plant 
through the first stage of the wonderful processes of its life 
and development. 

Germination. The egg needs warmth, and, in some 
cases at all events (for instance, in that of the eggs of 
ducks and other aquatic birds) damp, to hatch it. The 
embryo requires both of these conditions to enable it to 
" germinate," that is, to come forth out of the seed as a 
young plant. Also some air is necessary to it for this 
purpose. 

These are the three requisites for germination ; kcai, 
moisture, air ; keep them carefully in memory. 

Now let us watch a bean or pea germinate. The skin that 
covers it breaks (like the chipping of the egg-shell), a tiny 
white point comes forth, seems to look about it, and quickly 
buries its little nose in the ground. This is the radicle, the 
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cap to his delicate tip, lest he should injure it as 
burro ws "with it like a mole. The cap, which is really a 
rt o him, is strong enough to bear the roughness it meets 
bh 15 3 ? LO * ex P ec ^ however, to be able to see this cap 
th tlxe naked eye ; you would need a microscope, and then 
>wz/ "thin- slice of the tip would show you the point of the 
ot axi-d tb.e kind little protecting cap that covers it. 




a r . G-erminating i>oa-. h. Germinating pea cut in half, showing 
tffcies depression where tho head of the plumule rested, a. 



liow does the C radicle " know that he must grow down 
into -fclie earth to find food and fulfil his duties ? 

AJcL ! Mother Earth herself helps him there ! She gives 
him. a, friendly pull. 

Slie is constantly pulling you, or you would fly off into the 
sky. All bodies have what we call an " attraction " for 
one another, that is, each one pulls the other with greater or 
less force, and this tends to draw them together. 

THns tli e growing root is drawn by attraction towards the 
o the earth. 
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with a bent neck begins to struggle upwards. This is the 
plumule, and is the small beginning o the future bean 
plant. Some children I was teaching once used to say : 



" The radicle is the root 
And thcjM/ft/HM/tf is the shoot. 



That helped them to remember, you see. 

But how is it that the plumule grows upwards? .Does 
not the earth pull it too ? Ah ! this is one of the secrets of 
Nature. We do not know how the little plant finds strength 
to grow upwards in spite of the earth's attraction ; but we 
know that the whisper which prompts it to do so is a wise- 
one, for sunlight and air are indispensable to its life. You 
know already that the sun is the great lire, and the green 
leaves the kitchen where all the plant's food is prepared. 

But until the green leaves are old enough to do the cook- 
ing, what does the baby bean live upon ? 
' I have told you before of the two thick weed-leaves, with 
their store of prepared food. They have no cooking to do, 
for the food is ready for use, stored up in their thick sides ; 
so they do not need sunlight or air, and may be content; to 
stay below, unless they should be dragged up out of the 
ground by the efforts of that little arching neck which is 
trying to uplift the plumule. We call that little bent white 
stalk the cj^ulicle. 

Why does it arch so ? 

Think. If you have ever played in a hay-Held and been 
buried in the hay, how did you get out? Did you push 
your way out nose first? I expect not. I expect yon 
protected the delicate skin of your face by a bent neck 
and back, as the little seedling protects its delicate plumule. 

How does it straighten itself? Well, the underneath 
part of the curved stem sets to work to grow much faster 
than the upper part of the curve, and so the stem is soon 
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explain to you later. At present, I can only say it grows 
faster because it is less exposed to the light. And this 
brings me to the fact, which I can only mention now, that 
growth takes place (with plants) principally at night, because 
there is less light then, and light, whilst it helps the food- ' 
making business, rather hinders growth. So that which is 
often said of children, is really true of plants, they " grow in 
their sleep." - 

But now we must speak of the full-grown plant. 

Imagine the little seedling grown to be a large plant. 
The tiny radicle has branched out into numbers of rootlets 
and fibres ; the plumule has developed into many stems and 
leaves ; the food in the seed-leaves has long been used up, 
and the plant can provide for itself. 

Two duties now present themselves to it as a full-grown 
plant. They are : 

(1) The duty of laying up a store of food for future 
use. 

(2) The duty of reproduction, that is, of producing new 
I plants of its own species, to take its place when it is dead, 
fand carry on the race of beans. 

How the plant makes its food, we are to learn later ; but 
when made, where can it be stored away ? Has the bean a 
storehouse or a barn, cupboards or cellars, where it can lay 
up food ? 

Just underneath the skin of human beings there is a thin 
layer of fat, which is capable of being used for the nourish- 
ment of the body : a store laid by for a rainy day ! Notice 
how thin we become in illness ; we have used up this store. 
So in plants, just underneath the skin of the stem there is a 
like store of food. This feeds the leaf-buds, and provides 
ready-made food when they want to grow. 

Some plants have large storehouses as well as this. They 
are in all parts of the plant; sometimes in underground 
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of the potato ; sometimes in the root, as with the turnip 
or carrot ; sometimes in the stem, as with the sugar-cane. 
Always a special provision has to be made in. the seed for the 
new little plant. 

You have not forgotten the buttercup embryo in its bed of 
albumen, or the fat sides of the seedling bean ? but even 
such poor ill-provided creatures as the wallflower's or the, 
maple's baby plants appear to be, are not really so xn.oth.er- 
forgotten as they seem. A store of nourishing albumen, was 
laid up in the tiny green ovule or unripe seed ; but before 
the seed had ripened and was ready to germinate, all the 
albumen had been used up, and the tiny plant was thrown, 
as you see, on its own resources. 

All this brings me naturally to the second business oi; the 
full-grown plant, namely : 

THE REPRODUCTION OF ITS KIND. 

In this course of lessons there is no time to enter into this 

interesting subject, and we can only just mention it luvre. I 

want you, however, to notice the great alteration that takes 

place in the parts of a plant when they have u new duty to 

perform. For I must tell you that those parts of the plant 

which you call the flower, and from which the seeds corno, 

are truly and really leaves, altered so as to do a di (To rent 

work. It is strange, it is hardly to bo bolioved, you think, 

that the brilliantly coloured, and often curiously shaped 

petals of the flower (the flower-leaves) are really only 

green leaves, changed so as to be. capable of performing 

a different duty. But so it is, and you. may have proof of it 

from your own observation, if you care to use your eyes long 

. and patiently enough. I have myself observed more than. 

\ one specimen of Trollras, or globe-flower (like a big globe- 

\ shaped buttercup), in which a leaf, half of which was yellow 

land petal-shaped, and half green and leaf-shaped, 

"liad grown midway up the stem. Does not this teach us 
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that petals and green leaves are- truly one and the same 

thing, altered so as to 
do a different duty ? 

I think you must 
often have observed the 
little th read-like stamens, 
which are easily seen in 
many flowers, clustering 
together in the centre 
of the blossom, encircled 
by the coloured leaves ; 
and, probably, you have 
often dusted your fingers 
with their yellow pow- 
der, or pollen. 

In the middle of them, 
and just above the enve- 
lope or covering which 
contains the seeds, stands 
the pistil the centre- 
piece of the whole flower 
often looking like a thicker thread, with a small nob at its end. 
These important little organs, whose duties are connected 
with the production of the seeds of the plant, are strange 
as it may appear simply <c modified '.' or altered leaves. 

The subject is intensely interesting, but we cannot talk of 
it this time. If you become really interested in the life- 
history of the plant, the study of its flowers and their marvels 
of beauty and wonderful arrangement may delight you at 
some future time. 

SUGGESTION TO THE TEACHER. 

Let the teacher request the children to make a collection of the various 
roots of plants, dividing them into two classes, viz : 

(1) Those which contain storage places for food (as the onion, the 
bulbous buttercup, etc.) ; and 

(2) Those which have no such arrangement. 

A reward could be offered, as before, for the best collection, if desirable. 




ius with abnormal leaves, a. a. 



LESSON IV. 
ASSIMILATION". 

WE come now to the second of our three selected " signs of 
life." 

You have not forgotten our talk about this body of ours 
which so constantly needs to be renewed, and how we have 
to take in. food, water, etc., and assimilate or make it 
like the rest of our body ? 

Now we must study the bodies of plants and their organs 
of assimilation. 

What do I mean by an organ ? Not an instrument of 
music, certainly, but an instrument nevertheless. 

An "organ," in this sense, is any part of our body which 
we use for a special purpose, to do a certain work. The eye 
is the organ of sight, the ear the organ, of hearing, and so 
forth. 

You and I have many parts of our body which we only use 
for one special purpose; and as these organs have only one 
work to do, they do it more perfectly than if they had several 
such offices to perform. The number and perfection of our 
organs is a sign that we are high in the " scale of being." 

[*But you do not quite know what I mean by this. 

FOOTNOTE FOB TEACHERS. 

* The portion of this lesson between this bracket and that on page 26 
may be omitted if the lesson is thought too long, or the passage too dilli- 
calt or likely to prove uninteresting. It is, indeed, a parenthesis in this 
place, but it is inserted partly for the sake of preparing the way for tilings 
that must be explained farther on, especially in the second part of this 



THE SCALE OF BEING. 23 

Imagine, then, that you see a great ladder set up on earth. 
You and I, with all human creatures, are aft the top ; let us 
go down it and see what we shall pass. We come first to the 
monkeys ; so like little men, are they not ? And some of 
them with such a sad, wistful expression, as i they were 
longing for something which they could never quite reach. 
Numberless animals crowd the steps as we go lower down ; 
lions and tigers, dogs, elephants, cows, horses, sheep and 
goats ; far too many beasts for us to mention by name. Great 
whales come next ; and 1 notice a kangaroo, with some other 
animals, a little lower down. 

Now we come to the birds ; what a flapping of great and 
little wings ! 

Here are snakes and lizards, and, a little below them, toads 
and frogs. 

Now we have reached the fish. Perhaps you think the 
whales ought to have been here, but their true place is higher, 
as we saw. 

Lower still we come to oysters and snails. 

Here are crabs, and now follow spiders and insects of all 
kinds. I am afraid you think this is unpleasant company ! 
Worms are wriggling at our feet ! 

You will like the pretty starfish better, and the jelly-fish 

book, and partly because it is thought that the first mention of differentia- 
tion in organisms ought to be the signal for a general view however 
cursory- of that order of ascent in Nature which works upward from the 
wholly undifterentiated organless Moneron to the highly complex arrange- 
ment of delicate organs which compose the human body. 

The Intlthr simile has been used, rather than that of the branching tree 
(which is recommended by Mr. Clodd iu his jtftory of Oretition., as giving a 
truer view of the evolution and place"of vanoiis^Me^folin^rbec^^sG it is 
simpler to a child's understanding, requires less explanation, and gives a 
sufficient idea oi: the order in Nature for present purposes. 

A few links in the chain, which seem likely to puzzle the child, or to be 
unknown to ih, have also been omitted in this very general and cursory 
glance through the animal and vegetable kingdoms in their order. 
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and sea-anemones which follow will delight you, as will also 
the little coral-builders. 

Lower still we find the sponges. 

Below these there are still some forms of animal life, but 
yon will be unable to give them names. Those are like tiny 
balls of perforated shell with delicate feelers, floating in the 
water; but there are some lower down which look like simple 
lumps of jelly, without form or shape. You can scarcely 
believe that they are indeed living beings. 




Amoebae, highly magnified. Examples of the ' l lumpH of jolly " 
at the bottom of the animal kingdom, without clefmito form or 
organs. 

Now we are at the bottom of this great ladder of life, or 
" scale of being," as regards the animal world. 

Look again at these sticky lumps of jelly without even a 
definite shape, and with every part of their bodies alike, and 
no part specially fitted for a special purpose in fact, without 
organs. They have no mouth, but take in food all over 
them anywhere ! No lunys, but they breathe all over their 
bodies anywhere ! Compare them with yourself, and you 
will easily understand what I said about the number and per- 
fection of our organs being a sign that we are high in the 
scale of being. 

But our business is with the plant world and its organs, 
and I only led you down the scale of animal life because I 
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thought you would see the difference better (in your present 
state of knowledge) between yourself and a shapeless lump of 
jelly, than between a daisy and a fungus ; and would there- 
fore understand better what I wanted to impress upon you as 
to the perfecting and multiplying of the organs o beings as 
we go up the scale of life. 

Side by side with this great ladder of animal life which we 
descended just now, you may imagine another the scale of 
plant life. 

At the very bottom of these two ladders, plants and 
animals are so much alike that it is sometimes very hard for 
even clever men of science to determine to which kingdom 
the animal or vegetable a being belongs. When you think 
of the shapeless little lumps of jelly we found at the bottom 
of the animal kingdom, you will hardly wonder at this, I 
think. 

If we go np the scale of being in the vegetable world, we 
shall come first to the sea- weeds and Alyw or water-weeds of 
all kinds the lowest of these like little specks of jelly joined 
together in rows. 

A little higher we come to the Fiinyi. The a mould " 
which grows on your jam and other things, sometimes, when 
it finds suitable conditions, is a tiny fungus, and belongs to 
these. (Even this, you see, is also one of Life's Children, and 
has its own work to do for her, though you may not admire 
it !) A pleasanter member of this group is the mushroom 
which you gather in the fields on dewy mornings. 

Mosses come next ; and above them the graceful ferns. 

Higher up we find pine trees. 

Above these come palms, wheat and barley, grasses and 
beautiful lilies. 

Higher yet are oaks and willows. 

Beautiful flowers, exquisite in colour, shape, and smell, now 
delight us. We choose violets and roses to admire amongst 
them, 
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A little above these the graceful convolvulus twines, and 
the primrose puts forth its creamy flowers. At the top of all 
you will be surprised but surely not sorry to find the dear 
little homely daisy as Queen ! 

In these lessons I have not been able to toll you anything 
about the arrangement or classification of plants, so you 




A forest of little mould plants growing on a decayed Imf ; 
seen through the microscope. 

don't understand the reason for the order in which we .found 
the plants; but the fact to be remembered is always this: 
that the higher up the scale the being is whether plant or 
animal the more perfect and the more numerous are its 
organs.] 

Certain organs there are, however, which all living 
creatures must possess. They are the 'first to be developed, 



ORGANS OF NUTRITION. 2/ 

for they are necessary to the very existence oi ? the plant or 
animal. Kemembering all that we have said of the continual 
wearing away of our bodies, and the constant need of renew- 
ing their substance, I am sure that yon will guess at onco 
that I am speaking of the organs of assimilation, or, as wo 
had better call them, organs of nutrition, that is, of 
feeding, because their business is, first to take in the*- food, 
and then to assimilate it. 

Even the little mould-fungus on your jam has these 
organs and knows how to use them. It is true it cannot 
cook or prepare its own food out of substances found in the 
earth, air, or water, as the plants with green, leaves can do ; 
but it knows how to eat and. enjoy your jam, or your ehoeso, 
or whatever its tiny Roods have lighted upon and found, tin bo 
suitable, nicely cooked food, ready for it to assimilate ! 

It likes a nice damp atmosphere to grow in, so, if you 
don't like this small fungus, you must keep your food in a 
dry place, and boil your jam well, covering it carefully 
so as to shut out tho air witli the tiny seeds that lloat 
in it, and then you may hope to keep your food for your 
own eating ! 

Let us now soc which are these indispensable "organs of 
nutrition." 

They are three in number. 

(i) The root; (2) The stem ; (3) Tho loaves. 'If, by way of 
illustration, we compare a plant to a lion so full ol" hungry 
people, the root will bo the back door, where tho butcher, tho 
baker, and the milkman bring supplies; tho stem will bo the 
passage; and the green loaves tho kitchen, \vhere all t.ho 
cooking is done, and tho raw materials are converted into 
suitable food for tho. party. 

Or suppose we compare tho plant with our own bod)', then 
the root will be, like tho mouth ; the stem will represent the 
throat; and tho green leaves will bo tho stomach, where the 
food is digested and made lib to nourish tho body. 
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So, you see, the root takes in or absorbs the raw 
material. We may call it. an organ of absorption. 
The green leaves prepare and assimilate it. 
We may call them organs of assimilation. 
Together, these are the organs of nutrition. 
I must, however, tell you that when the stem is green 
some of the cooking is done- in it, as well as in the leaves. 
"Most improper to do the cooking in \\]\i-\ passage!" 1 am 
afraid yon will say; but Nature is very economical, and 
wherever there are green portions oi" a plant that van cook, 
she will make them take their share, even though, they may 
have other work to do besides! I must also toll, yon that 
both passage and kitchen you know 1 mean, the stern and 
the leaves have numbers of tiny little windows in them, 
through which, air and vapours are taken in. These tiny 
windows can be opened and shut according to the require- 
ments of the plant. They are called stomata, from a lireek 
word meaning "mouth." 

The gases and vapours help to nourish the plant, so we 
must regard the stem and leaves as organs of absorption as 
well as of assimilation. 

But I fancy you are longing all this time, to know what 
plants really have for their dinner, and you. wish you. could 
peep into their kitchens and see the food preparing. 

I am afraid that yon will be disappointed to hear that 
plants cannot eat solid food. I do not think any of you 
would care to be obliged to live entirely on liquid things, 
though tiny little babies seem contented enough with their 
bottles ! but no plant can ever take in the least morsel of 
solid food. It could not even manage a dose of that medicine 
the doctor sent you, which has " to be well shaken before 
taken/' because of the sediment which settles at the bottom 
of the bottle. You do not think there is much, to regret in 
that, perhaps? On the other hand, if you melt up a lump 
of sugar in a tumbler of water, so that it entirely disappears, 
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the plant wont say " no " to that. You ad mi re. its taste ? But 
it is not a matter of taste or choice, but of necessity. The 
powder in the dose of medicine was a in suspension 1? in the 
liquid; shake as you might, you could not make it disappear 
like the sugar. As soon as you put the bottle down, Hie 
powder sank to the bottom. 

The sugar, on the contrary, was " in solution " in the water 
wholly melted up, and HO mingled with the li((iii.<l that you 
could no more distinguish or separate one from the oilier. 
Now plants can absorb things in solution in liquids, but. 
not things which are merely in suspension therein. The 
food of plants, taken in by the roots, consists. Mien, entirely 
of water with various substances "in solution"- or melted 
up therein. 

I told you, however, that the, loaves and stem, besides f heir 
work of preparing the food brought, to them .from the root, 
have also to take in something through their little windows 
or " stomata." 

What could come in. through these little windows ? What 
conies into your room when you open the window ? 

cc Only air," you say. 

No; not air only, but also overything Unit the, air can 
contain or carry. 

Why does mother shut the window when it, has been 
raining heavily and there is a white mist rising ? 

" Oil, it is damp, you know ! " 

Yes; the air is full of tiny, wee drops of water, loo small 
to see except as "vapour" or - mist/ 1 which is really the 
same thing as the steam clouds which, you ol'ton watch 
coming or.it of the spout of the kettle. 

So the air is capable of containing water. 

Now tell me, children, did. you over pass gas-works or a 
tallow factory ? If so, did you not hold your nose as you 
went by ? Why ? 

"Because there was such, a nasty smelU " 
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But what is smell, children ? I see nothing ! there is only 
air all round me. 

" But it is in the air ; you can't see it ! " 
Yes, it is in k the air, just as the sugar was in the water, 
and your tongue could taste it, though your eyes could not 
see it. Air is a fluid, just as water is ; and it can hold 
things "in solution," so to speak, just as water can. Your 
nose perceives the gas in the air, though your eyes do not 
see it. 

" And can air hold things, for a time, c in suspension ' too, 
as water can ? " 

Look at the dust blowing ! There is your answer. Does 
it not remind you of the sediment in the bottle, mixed up 
with the water by the shaking of the bottle, but settling to 
the bottom when all becomes quiet ? 

Now when the plant opens the tiny windows of its stein 
and leaves, the air can enter with its vapours and its gases, 
but the dust must stay outside, for it is not melted up 
in the liquid air, so to speak, but is still in a solid form. 

All it can do is to choke up the little windows and imike 
the poor plant very uncomfortable and unhealthy, until the, 
next shower of rain comes and washes it clean again. 

So we learn that the food of plants consists of water, with 
various substances in solution, taken, up by the roots, and of 
gases and vapours taken in by the leaves. Exactly what 
these substances and gases are, you shall hear later on. 

Meanwhile, having seen the raw materials delivered at the 
door, we must leave the account of the cooking and storing 
of them for our next lesson. 

SUG-G-ESTION TO THE TEACHER. 

Let the children make observation on the different substances which 
are soluble in water and those which water will only hold in suspension if 
introduced into it as powder. Written lists might be made, if the children 
are old enough, and rewards offered as before. 



LESSON V. 

ASSIMILATION (continued) THE 
GREEN FACTORIES. 

You, who live in this quiet villagr, with its givrn lan>v- 
and fields, have perhaps never brrn in a great man u Fart urinpr 
town, black with the soot, .from its many lall rliiinn*'vs ; von 
have never boon insido a Factory of any kind, or heard tin* 
whirr of its noisy whorls. If I muld take you infn our, 
in some magical fashion, this minulr, 1 hrlirvo YOU would 
soon want to come out again. You would br half dralVni-d 
by the noise, wholly bwildnvd by thr iunuinrnihl*' n- 
volving whe-eLs and awful-lookinp; machinrrv in uwM'a.-'injr 
movement; your he.ad would acln^ and your ry*s In- du/./ii-d 
and tired, and yon would soon bo l<>n<dn^ for your quirt, 
breezy lields again. 

This is the sort of place wliero man dors his nuuiufarf untuf 
business, where lie makes (,hr things rrtininul for Ins various 
necessities and. pleasures. 

Now shall wo look into some of nul.iuv's fartortrs, and M-C 
how she does her work ? 

Where shall we find them ? 

Why, you live in thr midst of thrm ; yon runnot o|rn 
door or window without sc^ein^ pt^rhaps almost idu^hiujuf- 
them. That green field is a prriVct {.own of thnn. vU, 
children, every green h^af, from the rosc^ branrji that laps 
at your window pane to the weed brnidr your doorsfrp, 
is one of nature's factories, and is hard at work all day 
long. 
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expect still to hear the whirr of wheels and the clanking of 
machinery ? No. Man must rest ; he cannot labour on 
unceasingly. And the God who constituted him thus, who 
gives you your refreshing sleep, the Cod of Nature, bids His 
green world also rest at night. 

Light is necessary for the manufacturing process in 
the leaves, and when the light is withdrawn 1,1 le work must 
cease. 

I do not say that no work goes on at night. Your heart 
and your lungs do not rest when you sleep, nor do you cease 
growing. The plant is busy using up the store of food which 
it has drawn from the earth and air, and prepared during the 
day by the help of the blessed sunlight. It is busy growing; 
but it is resting from the labours of the day. Its work is 
different, and a change of work is often the truest rest. 
The plant does "not, as a rule (except in the case of young 
seedlings with few leaves and rapid growth) use up for its 
immediate needs all the food which, it prepared during the 
day; even though during the whole twenty-four hours tho 
growth goes on with greater or less vigour, and a portion of 
the food prepared is consequently always being used up. 
What is to be done with the remainder ? 
It must be put by, stored up somewhere for future use. 
Do you not remember the various storehouses we spoke of 
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when we were considering the duties of the full-grown 
plant? They are as varied and as interesting as are all 
Nature's plans and arrangements. There is no monotony 
with her. 




"Root of (Kwmtlu 1 ])imj>invllouti.'x. Example of curious 
underground storerooms. 

a. a. Two shrivclled-up tubers, the nourishment in 
which has been exhausted. 

Dig up the pretty, starry, lesser celandine, which flowers 
so early in the spring, and look at its quaint, club-shaped, 
underground storehouse. Dig up a flowering purple orchis, 

o 
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and remark its two storerooms. One is llabbyand soft, almost 
empty; that is the ono provided last year for this year's 
flowering season. The other is full and plump ; that is the 
store for next year. Does it not almost seem as if the orchis 
were gifted with the power of thought and foresight? In 
many a fleshy stem, in the quaint thick leaves of the cactus, 
in root and root-stock, in thickened scales or swollen under- 
ground stem in. almost every part of plants, in short we 
find the prepared food carefully stored away for future use. 

I fear you must wait until our next lesson to hoar what 
I can tell you about a few of the substances which are 
manufactured thus in the quiet " green factories," and either 
used up by the plant to sup-ply its immediate needs, or stored 
away for its future requirements. 

To-day I want to talk to you about a substance which 
cannot be said to be manufactured by 1 lie plant, but which 
the plant is always taking in and using -as it docs writer 
and other "raw materials," as wo chose to call them to 
make its food, by the "cooking process " wo spoke of in the 
leaves, 

Do not think, by-the-by, that because the plant can only 
take in liquids and gases, only liquid substances can be 
manufactured therefrom.. Otherwise, whence would the 'plant 
obtain the solid portions of its body ? 

You must not be surprised at the Tnannfactnro of solid 
substance out of liquids. If you think and observe, you will 
soon see that a substance may change its form, and appear 
at one time as a solid, at another as a liquid, and again on a 
third occasion as a vapour. Think of wl-id ice, litj-uid water, 
and invisible steam. They are all the atmc thing under 
different conditions. 

More than this ; you will find that a substance may change 
its appearance under different conditions, so thai; you can 
hardly believe that the two appearances arc really one and 
the same substance. A bit of clear, glassy ice is not much 
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like a handful of white, flaky snow, yet you are well aware 
that both will melt into water in your warm hand. Tbis 
will help you to understand what I am going to tell you 
about the substance mentioned before, which is taken in by 
the plant in large quantities, and is the principal material 
for the building up of every part of the plant's body, 
including the strong woody trunks of trees. 

The substance is called carbon, and it will be most 
familiar to you in the form of the coal which you burn in 
your fires at home, the greater part of which is made up of 
this substance. 

" But the coal is black and hard, and the plant is soft and 
green and juicy ; how can they look so different, and yet 
both have so much of the same substance ?" 

They do indeed look different, but you are prepared now 
to expect the same substance to look very different under 
different conditions. As to the juiciness of plants, however, 
contrasted with the hardness of coal, remember I did not say 
that the plants contained nothing but carbon! The juici- 
ness will depend on the amount of water in the plant ; the 
oak trunk and the tender green shoot it sends forth in spring 
are different enough in this respect. 

But here is another surprise for you. You must all at 
some time have seen a beautiful sparkling diamond, perhaps 
set in a ring on a lady's finger, or in a brooch at her neck. 

This clear, sparkling jewel is an example of carbon in its 
purest form, and is, therefore, a near connection of the black 
coal which you put on the fire ! It is strange, certainly ; but 
the sooner you can get accustomed to these changed appear- 
ances of matter, the better ; for the nearer you will be to a 
right understanding of Mother Nature, and her wonderful 
and surprising ways. 

But now we must consider whence the plant gets its store 
of carbon ; whether through its roots, out of the ground ; or 
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" Out of tlie ground," I hear you say, very confi- 
dently ; "does not coal come out of: the ground? and, 
besides, how could a solid thing like carbon come out of 
the air?" 

But you are forgetting again. Yon know I told you that 
substances could take the form of solids, liquids, or gases, 
according to circumstances, and ehrmgo from one to the other 
under varying conditions. 

" Curionser, and curiouser," as Alice in Wonderland 
remarks'! Bat it is true, all the same, that the plant gets a 
great part of its carbon, though by no means all, out. of the 
air, and takes it in through its leaves, in the, form of a gas. 
This is called carbonic acid gas, and is a compound of 
carbon and of another substance called oxygen. It is to be 
found in all air, more or less, but more in towns, where there, 
are crowds of human beings constantly breathing it out, than 
in open country places. .For I must explain that this part of 
the air which is so necessary to plants is not at all good for 
human-beings. Every breath that comes out of your mouth 
is loaded with this unwholesome gas, some of which you had 
to draw in with the other parts of the air, but which yonr 
body cannot use, and casts out again. Some of the gas 
proceeding from your mouth is actually produced by certain 
processes going on in your body, which I will explain to you 
in a future lesson. This will help you to understand why a 
room which is shut up, so that fresh air from outside cannot 
get in anywhere, soon gets close and disagreeable, especially 
if there are many people in it. The good part of the air is 
gradually being breathed up, and the unwholesome carbonic 
acid gas increased in quantity ; you cannot breathe, freely, 
your head is hot and aching, and nothing will put yon right 
but "a breath of fresh air," that is, of air which has not had 
all the good breathed out of it. 

Now, this very part of the air which you cannot use is 
most valuable to plants, as we saw; and by using it up, 
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they purify the air for us ! How wonderfully these things 
are balanced in Nature, are they not ? 

( Then if you go to a big town some day, and see trees 
and bushes planted in the middle of it in squares, or avenues 
of trees along the streets, you may whisper lovingly and 
gratefully to the green leaves : ( " I know your kind work, dear 
leaves ; I know that you are freshening up the air in this big 
city, for all the people who live and breathe in it ; I know 
how you are taking in and using up the bad part which 
would injure them ; I am so glad to see you here ! " 

But the kindly green leaves are doing something more for 
you besides their blessed, purifying work. 

We spoke of coal just now, and said it was mostly com- 
posed of carbon, but do you know how coal is made ? Not in 
man's noisy workshops certainly ! We must go to Nature 
and her factories again. You all know that coal is dug out 
of pits ; but long before Mother Earth took it down into her 
deep places, and pressed it under her heavy, crushing rocks, 
and treated it in various wonderful ways, until it became 
hard and black, and fit for our use as fuel, its substance 
was being made above ground, by millions of busy green 
leaves, by the help of the golden sunlight and the fresh air. 

Too many ages ago for you to imagine, the work began. 
The earth was clothed with beautiful forests, wherein figured 
conspicuously numbers of tall, graceful tree-ferns, crossing 
their feathery fronds, one over another, till their shadows 
must have drawn patterns like lace-work underneath the 
straight stems. More ferns would be underneath, and a few 
other plants and trees, but there were few flowers in those 
green forests of long, long ago. Such forests, or something 
very like what they must have been, are still to be seen in 
New Zealand, on the other side of our globe, but you have 
seen nothing like them here. 

What were those millions of green leaves doing, day by 
day, as they waved in the bright sunshine ? 
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Just what leaves are doing now everywhere, ail through 
the sunny summer days. They were taking in the air 
through their myriads oC tiny "stomai-a," or little windows, 
as we called them, and extracting from it the carbon, which 
they needed to build up every part of their beautiful bodies ; 
and all the while, though they little knew it,, they were 
storing it up for you and nie ! 

Years and years later those forests disappeared. Perhaps 

the land on which they stood sank down gradually, and the 

great sea came and swept over them. Wo do not know all 

that befell them in the slow course of agrs, but. they were 

certainly buried more and more deeply by the changes on 

the earth's surface; hard rocks formed above them, and 

they were pressed and crushed as if in a great vice. All 

their green colouring and delicate form was gone, the life 

was long ago pressed out of them ; most) of the gases and 

water of the plants had disappeared, but the greater part of 

the carbon they had stored up so unconsciously, all their 

busy, happy lives, was there, safely guarded for man in the 

depths of the earth, till he should come and dig out that 

black mass, and rejoice in the warmth given out by that 

substance, gathered from the sunny air so many ages before 

man was upon the earth at all. 

This is the history of coal ; and now you see that it is not 
surprising that the composition of coal should be like that 
of plants. So, with one more grateful thought for the kind 
leaves which purify our air, and at the same time turn the 
hurtful part they abstract into fuel for our use. (for the wood 
you burn is also of course full of carbon), we must close our 
lesson for to-day. 

SUGGESTION TO THE TEACHER. 

The children may be requested to collect examples oC istorage-place.s of 
plants above the surface of the earth ; such as ileshy fruits and stems, 
swellings beneath leaf -buds, the spadix of the cuckoo-pint, the receptacle 
of the globe-artichoke, etc. etc. 



LESSON VI. 

ASSIMILATION (concluded) SUBSTANCES 
MADE IN THE GREEN FACTORIES. 

WE have talked much in our last two lessons about the sub- 
stances taken in by plants, and the unwearying activity of 
the green leaves in preparing these " raw materials " and 
manufacturing out of them all that is required for the plant's 
daily growth and future needs. We peeped into some of the 
store-houses, and saw that they were full of nutriment ; and 
perhaps it occurred to you to wonder if it would be pleasant 
to be asked to dinner by the plant, and supplied with food 
from its hospitable store ! 

I think the answer to that question must entirely depend 
on the plant which invited you. An invitation from some 
would mean nothing less than sudden death to you ! From 
others you might safely accept hospitality. You see it will 
be wise to learn something of the nature and properties of 
different plants before tasting any part of them 

Some of them are busy preparing substances which 
become most valuable medicines when properly and carefully 
used ; but often these are deadly poisons if taken igiiorantly 
and without precautions as to quantity, etc. 

To chew the leaves of the foxglove or the purple monks- 
hood would be exceedingly dangerous and very probably 
fatal, yet most valuable medicines are obtained from these 
two plants. Bitter quinine and bark, nasty rhubarb, castor 
oil (useful but not agreeable), senna for our "black draught," 
ipecacuanha for our coughs ? laudanum to soothe our pain 
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all thesp and many many iumv. drills have been, prepared for 
us in tliosr <|uiH: ** L'iven fat-t ( >ri< 's " wliioli we talked about in. 
our la*! Irssou, and stoncl a ; wa>y in various p;iri,s oF the. plant!. 
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Tlio caator-oil plant. 

I am disposed to wonder if yon, children, will Frrl as grateful 
for some of them as you should ! 

It wonld be a long business indeed if we were to make a 
list of all the substances which are to be found in different 
plants throughout the world. For the present we will leave 



-production f You have seen on the packet " best rice starch/ 5 
do you say? Well remembered! Yes, we obtain our starch 
i-oua the grain of rice, from the tubers of potatoes, and from 
cliflEerent parts of other plants which happen to contain a large 
q-a.a.xi.tity of it ; but you must not imagine that starcli is only 
foroacl in rice or potatoes. On the contrary, almost every 
<plce/nt contains it to some extent, though there may be more 
in one part of the plant than in another ; and wherever you 
fixxci a special store-house, in root, or stem, or leaf, or seed, 
you may bo pretty sure that, amongst other substances, 
starch will bo found therein. This, therefore, is a very 
Ixnjportant product of the "green factories," and is a valuable 
storage -food for the plant. 

Is it of any use to us, besides stiffening our linen ? 

Oli, yes. " Starchy foods " form a large part of our diet. 
JBrea^d for your breakfast and tea, potatoes for your dinner, 
cornflour, sago, rice, arrowroot, tapioca, beans, and peas all 
tliose and many more articles of food contain large quantities 
of starch. 

I will give you one practical piece of advice about these 
oocls. !ak Uwm slowly. 

"Why do I say tins ? Because the digestion of starcli has 
to IDC done in tha mouth, and cannot be properly performed 



tlae stomach alone. There is something in the saliva in ! 
onr mouths which acts upon the starcli, and renders it fit to | 
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be assimilated by our bodies. If, therefore, we swallow it 
without giving the saliva time to act upon it, we are very 
likely to suffer from indigestion, and the food is not likely to 
do us much. good. 

I said just now that starch was a valuable "storage-food" 
for plants. Why did I say that? Because it cannot be used 
by the plant just as it is. It is ready to store away; but 
when it is wanted it will have to be " digested" (just as you 
digest your food before you assimilate it), and in this pro- 
cess of digestion by the plant a new substance is made. The 
starch is converted into something which will appear to you 
very different indeed. 

Before I tell you what that substance is, however, perhaps 
you would like to know of what starch is made. 

Well, we have been able to find out that, though I think 
we must usually leave it to Nature to manufacture it 
for us. 

There are three elements (or " raw materials") out of 
which it is composed. 

The first is our old acquaintance, carbon. Are you sur- 
prised to meet it hero again ? You. will ilml that it is wanted 
to make nearly all the substances prepared in the "green 
factories." You have not forgotten, how it is obtained, I feel 
sure. 

The other two elements are two gases called oxygen and 
hydrogen, which, together, make water. So starch, is 
made of carbon and the two elements of water. 

Now, when the siored-up food is wanted for immediate 
use let us say, for example, in the germinating pea or bean 
this is what happens: the starch in those fat leaves of the 
baby bean plant, which we talked about in. our second lesson, 

I is digested by the help of something in the juices of the little 
bean answering to that which acts upon starch, as I told 
you, in the saliva of human beings ; it is changed and con- 
verted into another substance, which is even more familiar to 
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you, and perhaps more appreciated, than starch namely, 
sugar. 

It will surprise you, I think, to hear that the dements of 
sugar are exactly the same as those of starch, only in different 
proportions. 

Sometimes you hear of fat people giving up sugar "because 
it is so fattening ; " "but if they eat quantities of bread and 
potatoes and other starchy foods, they need not expect to 
grow thinner, and they are likely to have all their self -denial 
for nothing ! 

You all know, I expect, what plants give us our principal 
supplies of sugar. 

We English mostly depend on the sugar-cane from the 
West Indies and elsewhere. The thrifty French make theirs 
from beetroot, bat it is neither so sweet nor so sparkling as 
ours. In. America the children love maple-sugar, which is 
the sweet sap of the "sugar-maple" tree, drawn from the 
trunk in spring. Sweets and candies arc made out of it in 
large quantities. 

Sugar, the second production of the " green factories " 
which we have noticed so far, may then, from man's point of 
view, be described as a pleasant and useful article of food, 
fattening in its properties, but generally wholesome for chil- 
dren, and with qualities which make it extremely useful in 
preserving fruit and other articles of diet 3 and keeping 
them for a long period of time in. a lit state for our use- 
Now, however, we must look at it from the point of view of 
the plant, and see of what use the sugar is to it, and 'how and 
why it prepares this substance. 

There are several different kinds of sugar in plants, all 
made of tho same elements, but not quite the same in propor- 
tions, and. having rather different qualities. One of these, 
glucose, or grape sugar, gives the sweet taste to ripe fruit.. 

Does the plauFpuTlihesc pleasant sugars away in its store- 
rooms, with the starch for future use ? 
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Not as a general rule. Usually, when wo find sugar in the 

plant, we may know that either the slored-up starch is being 

digested and turned into sugar, because the plant is going to 

use it up; or, on the other hand, the plant may be making 

starch, and may manufacture sugar as a -first process, which 

sugar will presently be transformed into starch and stored 

S* away. Germinating seeds and sprouting tubers (the potato 

]l for instance) are nearly always more or less sweet. You can 

te lime why? .Because 
the, starch in thorn is 
being changed into sugar 
for the nourishment of 
the little plant. 

We take advantage of 
this moment of the di- 
gestion of the starch and 
its conversion into sugar, 
to make inaljb, which, as 
you all know, is a neces- 
sary ingredient in. the 
manufacture of beer. 

.Barley is the seed 
usually chosen, and the 
grains must/ be plump 
ami healthy if good 
malt is to be procured. 

By a proper supply of heat, moisture, and air (which, I 
hope you remember, are, the three requisites for termination), 
the barley is made to germinate. The liny rootlets soon peep 
out and the plumule, or, as the maltsters call it, the acrospire, 
begins to grow inside the barley corn. 

A careful watch is kept now, for the maltster knows that 
when the acrospire has grown about three-quarters of the 
distance through, the seed, and would soon be putting its tiny 
nose out into the world, the moment has come to put an end 
to its little life. 





A. Seed of germinating barley cut, in 
half. Enlarged, a. Albumen, b. Acro- 
spire. c. Rootlet. 

B. Germinating barleycorn cut in half. 
The acrospiro haw grown right through 
the seed, and pierced the husk of tho 
grain. The albumen iw partly exhauHtod, 
and the process of germination has gone 
too far for malting purposes, tt.. AoruHpiro. 
b. Albumen partly used up by tho growing 
plant, c. Rootlets. 
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All the starch is now converted into sugar. The barley is 
quickly dried on a hot floor ; the poor little radicles dry up 
and drop off, and are separated from the " malted " grain, 
which is afterwards crushed and thus made ready for the 
brewer. 

The sugar of malt is "glucose," or grape sugar, which, as 
I told you before, gives the sweet taste to fruit. Preparations 
of malt are often given to thin, delicate children, to fatten 
and strengthen them, and they generally think it a pleasant 
medicine on account of its sweetness. 

We have talked so much about starch and sugar that we 
have but little time left to-day. Yet we must speak of one 
or two other productions of the ik green factories." 

Gum is a substance found in many plants. Curiously 
enough, it lias the same elements, in. the same proportions, as 
the, sugar of the sugnr-cane. Yet I fear you would not be 
contented with a lump of gum. in your tea, instead of sugar. 
The reason of the difference must be a change in the arrange- 
ment of tho ingredients. If any girl is learned in cooking, 
and knows what different results may be obtained by mixing 
the same materials in different ways, perhaps she will see how 
this may be. 

Gum is found in many seeds (the mallow, for instance), 
and in the juices of some trees. You have surely often 
seen it oozing out of the stern or twigs of plum or cherry 
trees. 

Like sugar, it, is one of the substances made by phmts in 
the course of tho manufacture of their food. 

I need hardly mention the ordinary uses to which wo put 
it, though perhaps you do not know that several kinds of gum 
are much employed in medicine for various purposes. 

Oil exists in very many plants, and especially in seeds, 'J 
where it forms part of the store of food for the embryo. I 
This is the case in the castor-oil bean, for instance, which 
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hazel nut, walnut, almond, and, indeed, almost all nuts are 
full of oil, which, however, in this case, is pleasant enough to 
our taste- 
Olive oil, from, the little plum-like fruit of the olive tree, 
is used by the French and Italians instead of butter, and we 
use it for making salads, etc. 

The composition of the oils found in plants is a little 
different from that of the other substances we, have mentioned, 
and indeed the different oils vary one from another in their 
ingredients. 

There are very many other substances prepared in the 
" green factories " which we ought to mention, such as gutta- 
percha, or india-rubber, turpentine, tar and pitch, dyes of 
many colours, etc. etc., but we have not time to speak of 
them now. 

Before we close, however, I. want you *k> observe with me 
the threefold work of kind was done for us by the dear green 
leaves with the help of the blessed sunlight-. 
f (i) Observe how plants yw/^m- Food for man out of earth, 
\{ air, and water. "Man could never do this for himself, but 
I I must perish with want were it not for the " vegetable 
\ J world." 

i \ (2) Observe how plants lay &// for man ; storing away in 
root, grain, fruit, etc., the useful substances made by the 
green leaves, in such a manner that man is able to "preserve 
them for use during the cold winter, when the -plant 
world is more or less at rest from its labours. 

(3) Observe how 'plants pim/i/ the air for us, taking in 
the part which is injurious to us, and transforming it into 
useful substances, which minister to our daily wants. 

Let us never forget that, though, our life is a far higher 
one than that of the vegetable world, yet God has made us 
^completely dependent on those lower creatures of His for our 
very existence. A world without plants would be utterly 
uninhabitable ; we could not live in. it. >o love these lower 
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fellow creatures with all your hearts, and especially the dear, 
busy, kind, green leaves ! 

SUGGESTION TO THE TEACHER. 

Let the children make a list of all the substances they can think of, 
procured from, plants. The lists should be written out if the children are 
old enough. 



LESSON VII. 
MOTION. 

I DO not think you can have quite forgotten, our first lesson, 
children, or onr search after sonic signs by which we might 
decide whether a thing could be truly .said to live or not. 
We chose three signs of life : 

1. GROWTH. 2. POWER OF ASSIMILATION. 
3. MOTION. 

I think we have now clearly seen that plants both grow 
and assimilate food. It remains to -prove that they have 
some power of movement, independently of outside causes. 
Perhaps you think it will bo hard to prove this ? It is 
certainly true that movements in plants are not, to be 
observed by every careless eye. Usually we, shall have to 
watch both carefully and patiently if we would take note of 
their movements for ourselves. 

We are so accustomed in the animal kingdom to regard 
/motion, as not merely a sign of life, but also of sensation and 
will, that I fear when you hear in this lesson of plants 
moving when touched, of tendrils searching for support, of 
leaves catching or closing on their prey, you will be disposed 
to say : "Then plants can feel, and have wills of their own, 
like animals!" But this conclusion, though perhaps it- 
seems attractive and tempting, would, J fear, bo quite a false 
one. 

Yon know, in onr first lesson, we remarked that there 
were two kinds of motion ; movements made with the will of 
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the mover, and movements made without his will or control. 
The latter we called reflex movements. The action 
of our heart, lungs, etc. etc., are all examples of this 
kind of movement, and they proceed, as you know, even 
when we are entirely unconscious, in dreamless sleep. 

All observations that have hitherto been made on the 
constitution of plants have taught us to feel certain that 
they can have no " sensation" according to our meaning of 
the word; although tracings of the beginnings of a 
nervous system like ours have been discerned in plants by 
some of our greatest observers in the scientific world ; and 
they have been led to believe that some of the curious 
movements in plants of which I shall tell you, are caused by 
the same unconscious action of the nerves which causes 
the feet of a frog, lately decapitated (so that it cannot 
possibly feel or think), to move when tickled or slightly 
injured. 

These, however, as 1 said before, are all reflex movements, 
whether produced by the beginnings of nerves like ours, or 
by various causes connected with their life and growth. 

MOVEMENTS CONNECTED WITH GROWTH. 

Do you ever grow sweet peas in your garden at Lome, I 
wonder, and put branching sticks for them to climb ? If wo, 
1 feel sure you must have often wondered how the tip of 
the growing pea knew that there was a friendly stick at 
hand, ready to give it support, and managed to find it, even 
though it might be some inches away. 

Perhaps you were tender-hearted, and took quite unneces- 
sary trouble to guide the small pea-shoot to its support ! It 
could have found the way very well by itself ! 

But how ? that is the question. Well, you might almost 
think it had the consciousness of a little blind puppy, 
hunting for its mother with its small restless nose ! 

D 



The "ii"--e" of the ioby pen-plant is never at rest, but 
mve.-. cc.v']rv.K ruwd and rmmd in a more, or less wide 
circle, a- if hunting tW :-nni>'thinj/. When it. touches the 
stick, the .--rime cirelinjr nn\<m.'itt. aided hy the, sensitiveness 
In t.uch pu.-.e-rd b\ the and o{htr paris of the 'plant, of 
whicb \ou ;-'ha!l h"ar laJer, c;m--e; it to curl round it and 
elim: to it. The-.- nn^i-m'-nt - are ton ;-hw generally for you 
luoh-rn*' 'A-uli !!..' *'\i': i'ui it i- v*r\ r.-i-y for you to prove 
th*w ly I'vjMTimt'nt. fhu', > v, a j 4 a in a ptt. Directly it 

i^nn,, in -h.i< up. ta!.- a r-mud pi*c. i.f w!iit papi'r or card, 

^, i f 

u- laa r ' a> tit** i"p <f tin- pot. and makr a sma.il hole, iu it, 
through which >> uni t 1-t tit.- tiny -hodi of the pca-phint 

\Vhcn the plant \* almut thn*r- incln^ high, you will be 
able to make your nh-rnatjnii-, 

Put- the plant- out of dumv., whcr' the light- is equal all 
round it, and, with a pencil, mark <u your card the point 
1 1 exactly underneath the tip of \our little pra (it will almost 

|l certmnly be lnnt slightly to one ^ide or another). In an 

hour, or Ws, 1<KU at it again, and : ee if the shoot- is where it 
\vsw before. Von will find it ha;, iunvcl ; it has pmc round, 
and the dot on the curd is no longer underneath it. 

ThuH you may count, its t urns, and t he t ime it- takes for each, ! 
The same, kind of experiment may be tried with the top 
shoot o a young lir-tree; and the result will be the same, 
It moves; it goes round ! But the tip of any climbing plant 
is by far the easiest thing for yon to experiment with first, 
because the movements are. HO decided, and, comparatively 
speaking, rapid. 

|l <; | The young shoot of the hop is said to <j;o round, on a warm 

| ;' ; . n summer uay, at the raU^ of two hours and eight, minutes for 
| each complete turn. This revolving movement is not 
\ confined to the, growing shoots of plants. As a matter of 

fact all growing jw/?Vw.s of plants revolve, slowly in this 

manner. Tha innVMru-nl, /.. l- w w]! n in ihe nulicleR of 
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seedlings. It lias been prettily shown by arranging the 
little plant with its radicle just touching a piece of smoked 
glass, when the tiny point of the growing rootlet traces its own 
corkscrew-like wrigglings clearly upon the glass as it moves. 

What is the cause of these movements ? you ask. 

They are certainly connected with the rapid growth of 
these parts, and are supposed to be caused by the fact that 
the growth does not go on equally in all parts of the shoot 
or rootlet at the same time, so that one part is always 
outgrowing the rest, so to speak, and bending the tip of the 
shoot or rootlet, to which it belongs, accordingly. 

There is no doubt that light has a great influence on the 
growing parts of a plant which are above ground, and their 
tendency is to bend towards it, because, as I told you before, 
light rather hinders growth, and so the part not exposed to 
the light grows faster than the other side of the stem. 
Light, however, naturally cannot influence the little root 
down in the dark earth, so its corkscrew movements must be 
caused by its own manner of growth. 

SENSITIVENESS TO TOUCH. 

But. besides the wriggling movements of the little root 
(which, by the way, make it much easier for it to get 
through the soil than if it pierced straight down like a 
needle), it has other, more curious, powers, which would 
almost make us believe that it has some kind of beginning of 
a brain and sensation ! 

When the tip of the radicle (protected by that kind little 
cap which I described to you in an earlier lesson), meets 
a stone on its way down into the earth, how do you suppose 
it behaves ? 

" It cannot feel the stone," you say, " so what can the poor 
thing do but flatten its nose against it, and spoil its shape 
for life, at the best." 
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f ' 

| Nay, but it docs fool, apparently, or it does something which 

* ' answers the same purpose (for we must not allow that the 

plant has any conscious sensation). No sooner does it touch 
1 the stone than it turns away from the impediment and seeks 

If, a softer path, just as a mole, or a worm would do if it caine, 

J in its burro wings, to a piece of rock. 

That there is ad-md ^v/,s//m.'//r,s,s' 5 oL' a kind, in the tip 
i of the radicle lias been -proved by experiments with the 






1 Growth of a carrot coming in contact witii a stono 

i in the yuil. To illustrate (i) tho sunsii.ivouowM of 

, tho tip of tlio nulk'Io which ORU.SMS it to turn away 

front tho irritating l>l.y; (2) ' h(> HonsitivonciSH of I ho 

' root aborc tho tip, \vhir.h has Mir riTt'.rt, of causing 1 if, to 

bund /iwtm/.s 1 tho irrital .inp; hody, ;MM! ,so curvo round 
\ ( and prosurvo it tlownwanl <lir'-i.ion. 

radicles of seedling's, which, when slightly iujurod on on< 
side, are found to turn away and bond in tho opposit 
direction, as if to avoid being hurt. 

But now suppose the point of tho radicle of a, carrot, fo 
instance, to have met with a sto.no, and avoided it, by tumiiij 
to one side; as the growth proceeds and I lie rooh thickeiu 
its upper part is brought into contact with tlio stone, whid 
slightly scrapes it. Can this part of tlx^ root feel too, an 
will it bend still more to one side ? for, if' so, the carrot wi 
have to grow sideways, along tho surface of the eartl 
instead of downwards into the soil, where most food an 
moisture are to be found. 

Perhaps the root knows this. At all events, when scrape 
or injured high up, above the tip, the effect is to make 
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curl round the obstacle, bending towards the thing which 
scrapesrit, and so the root goes downwards as it should. But 
the carrot will not be a good shape, because the stone made 
it grow in a curve. So niiud you dig your carrot beds well, 
and free them from stones. 

The movements hitherto described can only be observed 
by a careful watching and experiment ; but now I want to 
introduce you to a very "nervous" plant, winch, when even 
lightly touched by your fingers, will shut its leaflets together, 
just as a frightened snail draws in its horns. 

Your light footsteps would not shake the earth, but a horse 
galloping by will sometimes cause this delicate little plant to ; 
shut all its leaflets together as if in terror. ; 

It is generally called c the sensitive plant " (Mimosa 
piuliect), and you may perhaps see it in a greenhouse some 
day, for it is not a native of England. I am afraid if it did 
live here you would not give it much rest, for I am sure you 
would always be wanting to touch it and see it move. 

It has a leaf shaped like what we usually call the " acacia " 
tree in our gardens, with two rows of little leaflets growing 
up a stalk, and it is these two rows which meet, leaflet 
to leaflet, like the palms of little hands pressed one to the 
other. When much irritated by touch or shake, the stalk 
on which they all grow also drops down towards the stem 
of the plant in a most curious way, as if the whole leaf had 
fainted. 

There is another most curious plant with which I am sure 
you will sympathise. We may call it "the fidgety plq,nt, J> 
(Desmocliiim gyrans, of the East Indies,) for it is never still. 

It has a very funnily-shaped leaf, with a large leaflet at 
the end of the leaf-stalk, and two little ones on each side, 
lower down. It is the small leaflets which are so fidgety, as 
might be expected. They are never quiet, day or night, 
but seem to play together like two restless children. They 
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perhaps cross slightly; after a few moments they separate 
and jerk away iVum each other again; a.nd so they go on 
continually, only they fidget more than ever when the 
weather is very warm and the air moist. 

MOVEMENTS OF CARNIVOROUS PLANTS. 

Neither the '-sensitive' 1 nor the 'Midgety" 1 plant can gener- 
ally be observed by little Knglish children, but now I will 
It'll yon of a curious native of your own country. 



_ 

/>msvm r(>1nH<tif'tliii. (Tlu* Kiui<l<nv plant.) 

This little flowor lives in. bogs or w( fc li moors. If Mere is a 
nice peaty bog anywhere within your reach, you may go and 
limit with, a good hope of finding him at homo. 

There are three varieties of this plant ; two with long, and 
one with round leaves, tufted like a daisy, and with some- 
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what a similar shape ul leal; but you may easily recognise 
any of them by the pretty rosy hairs winch cover their leaves, 
and which frequently carry tiny drops like dew upon their 
points. Those rosy hairs are very pretty, and the dewy drops 
most enticing, so doubtless think the little flies and beetles 
that hover about them. 

Let us watch a moment. See, one settles on a leaf. What 
has happened ? Why does he struggle like that ? Why 
does he not fly away ? 

Look at the pretty rosy hairs ! They are bending over 
him; they are so sticky that he cannot free himself, and 
they clasp and hold him as in a trap. And now the edge of 
the leaf rolls up over its living prey, and it will open no 
more till it has sucked the juices of that poor little fly, and 
is ready to cast out his dry carcase. What is the meaning 
of this ? Do plants eat insects ? This is indeed turning the 
tables on the insects who generally have it all their own way 
with the poor vegetables. 

Yes ; these curious little sundews (Droserct) are members 
of a party of iu sect-eaters among plants, which are certainly 
an exception to the general rule. There are foreign members 
of this group which move quicker, and are, perhaps, even 
more interesting to watch than the sundews, but I chose the 
latter because I hope you may see them yourself some day. 
I once kept a number as "pets," and fed them with raw 
meat and various kinds of food, and tried many experiments 
with them, some of which were most interesting. These 
plants digest their prey by a kind of juice which they pour 
over it from their rosy hairs, very much like that in our 
stomachs which performs the same office for us. I found 
that an over-supply of meat brought on an indigestion, froir 
which it was possible for the leaf to die. Even plants must 
be temperate in their eating, you perceive. 

Now, if you try the experiments and make the observations 
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plants dn really a niove of themselves." There are very many 
other movements in plants of which 1 should like to speak, 
but, our time is too short. Von must look for yourselves. I 
have not, even mentioned the so-called Asleep of plants"; an 
eil'ect of the absence of light which causes many flowers and 
leaves to close at night . 

It would be death to many a little seedling to keep its two 





n. OxaliK loaf and llowor in tlio or!iuu-y }:-;il.iu. 
/i. Oxalis IJMIVCH u Hl(n>H}C." 

leaves open and apart at night, on awount of tho chilling they 
would nndiM'go from what is calltMl u rao^atimi;' 

Look round your gardens after the sun is down, and sec 
which, of the leaves and (lowers feel tho inlb^nce of night. 
Notice the leaf of the wood-sorrel in the bank, the, common 
clover in tho meadow, the, (lower of tin* wee scarlet pimpernel 
by the roadside!. 

gee when the heavy clouds come up during the day-time 
how many flowers close hastily, lest their stamens and pistils 
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during a shower ! Half an hour ago they were sunning 
themselves with every petal wide ! 

Again, see the big sun-flowers turn their heads to the sun. 
Plant them out with their backs to him if you will, but they 
will twist round and look at him, for all that ! 

You will learn more by observing for yourself than I could 
teach you in many lessons. I can only hope that in these 
talks of ours your interest has been so awakened, and your 
sympathies so drawn out towards these il lower fellow 
creatures of ours," as we love to call them, that you will 
make of them and of Nature friends for life ; believe me. 
dear children, you will hardly find better ones, nor any who 
will lead you more surely and sweetly, if you will let them, to 
their Father and yours even the God of Nature. 

SUGG-ESTIOK TO THE TEACHER. 

Let the children make lists of nil the flowers and leaves (or collect and 
dry them) which they find closed at night. Also oi' flowers which close 
in cloudy weather. 
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I.KSSON VI 11. 

THE CONSTITUTION AND CONSTRUCTION 

OF THE PLANT. 

MY li tilt's pupils and iVirmls who lin,v<>. i^oiu^ with nu 1 ) tlironfrh 

the oarliir l^.ssons in this hook, and l>i i cn n'filly inforestxul in 

thoao '* lower follow crcsat-un's " of wliic-h I li;iv(Mvritt(n, and 

in their works for us, will, .1 hopo and think, caro to go a 

little more fully into tlie sul>j( k ct, to dip lx MI rath tho snvfaco, 

and to fill up much that wo could only outline, aa it WIMV., in 

those iirnt lessons. You will liko to lic x ar how the* ]>lant is 

in ado, how it looks under the microscope, and in what 

measure it is like our own hodies. And. this is what ] hope 

to explain to you in our lesson to-day. 

Now, with regard to tlio word " body/' yon must uudiM-- 
stand that it does not by any means necessarily imply ilosh 
and blood, like that ol' animals and ine.n. The, body of any 
living thing is simply the. substance which has been gradually 
absorbed (or taken in.), and assimilated (or made like, itself), 
by the living germ with, which that being began. It is that 
material which life of any kind lias gathered to itself and 
formed into a shape of its own, to fulfil its needs, and by 
which it makes itself known to you, 
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You cannot touch the actual life of a plant, but you can 
see and touch its green leaves, you can smell its flowers, and 
taste its fruit. Leaves, flowers, fruit, root, and stem all 
these are parts of the body of the plant. 

Now look at your own bodies. Hands and feet, head and 

FIG. 17. 
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Tlie little florets that dwell 
within the " green nest,." 
Magnified. 



The daisy's " green body." 

shoulders, eyes and ears, they are all, in this sense, parts of 
our body ; they are the substance which the life within us 
has absorbed and assimilated, and then formed into these 
wonderful instruments for carrying on all the complicated 
work of this living machine which we call our body. 

Think of those two ladders of life that we spoke- of in a 
former lesson, and of all the various forms of life we saw 
upon them, 
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Kaeh one had v'/s ntrti body, (Hied for its .s/>/r/^/ needs and 
purposes. 

In vS. Paul's words: "(lod giveth it a body as it hath 

pleased Him, and io every seed his own body" (l Cor. XV. 38). 

Here is a little common, daisy, dug up by the roots. Let 

us look at its sin all but 
perfect body. 

Those slender white fi- 
s i) })rous roots are the .food- 
ji seekers. Follow them np 
.o ^ and w< v come 1 , to a, thick- 

- io 
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(Vila from a dainy's loaf (tho "rviukM 
network"). AVm lliomjli tlir micmncaiH 1 . 



ened sfern, partly mi dor- 
ground ; this is the root- 
stock, and is the daisy's 
prineipai storehouse. 

Out of it spring little 
tufts or buncl K^S of i^'reen. 
h\'i,ves. You have not 
forgotten the " jvroon fac- 
tories " whore the food is 
prepared, nor the little 
windows in thorn whore 
the vapours and j^ases are 
taken in ns "raw material" 

to be used in the course of the. manufacturing business. Out 
of tliG little tuft of leaves rises a slender stern which supports 
a pretty green cup. Dainty 'pink-tipped petals and the yellow 
c< eye "make np what you call the daisy flower, only really 
it is a nn.in.ber of tiny, little '(lowers all living together inside 
the cup, like birds in. a green nest. 

- These parts together make up the body of the daisy ; and 
you think it so different a body from your own, that you 
cannot imagine that the two have anything in common. Do 
not let us be too hasty, however ! 

I take a morsel of the daisy's green leaf and put it under 
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my microscope. What do I see ? Something like an irre- 
gular kind of network, dividing up all the substance of the 
leaf into numbers of little chambers of rather uncertain 
shape and size. I take the thinnest possible slice from 
the root-stock, or from the white root, and examine it, and 
find the same kind of network, though the little chambers 
may be smaller or of different shape, and the walls that sur- 
round them may be thicker. 

Now what is this network ? You have seen a honeycomb, 
have you not ? and you know that the little chambers or 
cells of which it is composed are 
made of wax, and each little cell is 
full of liquid honey. If you cut a 
slice through a honeycomb it would 
look very much like tins network in 
my microscope, would it not? though 
the shape of the col Is would bo rather 
more regular than these. In fact, 
this net-work., which the microscope 
shows us, is entirely composed oi: 
cells, such as those of the .honey- 
comb, separated from each, other by 
walls more or loss thick, and con- 
taining but stop! we must not 
speak of the contents just yet. 

Every part of the 1 it-tie daisy's 
body is built up of these tiny 

cells, from the point of its pink-tipped petal to the tip 
of its white root. I do not say they are all alike ; we shall 
hear more about their varying shape and their different walls 
later on. ; but every bit of the daisy's body is composed of 
cells of one kind or another. 
Is the daisy peculiar in this ? 
No, indeed! Every living "plant is built up in the same 




S o mo t l.i ieke r - '.v u 1 le < 1 
cells from a daisy with 
nuclei (tho u buwy 
spots "). ,SVi7* ihrouiili 



A,.! roNSTITl'TfoN ANl> < u.N^TJM VTH>N uF PLANT, 

u'u in form lli sub-Man^* nf r\ry living hotly a, re mainly 
built up of tinvv!K Your own bidy is full of them, and 
tin* unionist nf work uhieh i nrenmplisln'd in these miuute 
oh;unbers would astonish yu indfrd ! 

So far, yum* hodv and that nf ?i daisy are composed after 
somewhat tin 1 sumo plan, each hfing built, up of litt.le cells; 
but we shn.ll wte >omo dillVrnu'cs prrs>ntly. 

Thi" \vhol lolv of tin 4 daisy is fntiivly mado, up of 
srparair c*lls, \vhifh havr it" f/'<i/v;, and no c-omuiuiiicatiou 
with t.lit* in'i^'hbourin^ ci*lls, t -^y/ ////v^///// ///r //v///.s-. 

MVTY liny rhamhtT is siUToinuh'd by other sinulur 
chambtM's ; UHM-O aro ^oinri injrs irn'i^uL'ir spaces between the 
evils, so (hat. they do not <piite inurh ruch otJjrr, or only 
pa,rlly so; but iluMv arr no regular passages, as t-hrro, arc in 
a house, leading I'roiu room to room ; and, as I said beloiv, 
no d(ors to the little Hi;uubrrs ! A house planned like this 
would In* an awkward sort of place to live- in, would it not? 
How would the inmates of each little room get food and the 
necessaries of life? He Co re we explain this difficulty, let us 
take n, glance- round our own body, and see how matters are 
managed there. 

It ie, however, perhaps rather a largo, mansion to go over 
In a single morning, so let us choose, one 1 , departmentj ior 
our inspection. We will take, one, of our largest and most 
useful organs, namely, the liver. 

It does many important works., but our business is not with 
its works, but with its construction ; so lot us observe it from 
this point of view. 

Here are .multitudes of tiny cells clustered together, j list as 
in the daisy's body; but, running amongst these little cham- 
bers, there are numbers of small passages. These, passages 
are of two kinds, I notice : one set is employed solely to carry 
away the juices which have been manufactured in those busy 
chambers. This set of passages is a peculiar arrangement 
belonging to the liver and some of our other organs, whose 
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business it is to manufacture juices and send them away to 
other parts of the body ; so we will set them aside. But the 
second set of passages is common to every part of our body; 
none is without them. Their business is to carry the blood 
to every cell, in order that the cell may absorb from it what- 
ever is necessary for its own nourishment and for the produc- 
tion of its own special manufacture, whatever that may be. 

" Ah, this house is better arranged than the daisy's/' you 
say; "we can't think how the daisy cells can get on at all 
without passages to bring their food to them." 

Well, though the difficulty may be lessened, perhaps, in 
the human mansion, it is not done away with; for, although 
the food is certainly brought by the passages to the cells, 
there is no door in the cells through which it can be received. 
So here we are in much the same dilemma as before. 

" Then the only way is through the walls ! " and I see you 
look at the solid walls of this room, with a despairing hope- 
lessness as to the possibility of procuring bread and butter or 
roast beef, if it had to be spirited through them, before you 
could get it. However, matters are not quite so bad as that, 
and the inmates of the cells have more chance of a dinner 
than would appear at first sight. 

The walls of the cells, you must know, are only composed 
of thin membrane, or a delicate kind of skin, and the food (as 
you remember I told you before with regard to plants) is 
entirely liquid. 

You shall hear more about the manner of its entering the 
cells later. I will only explain now that every atom of 
nourishment supplied to the cells of either plants or animals 
has to pass through these delicate walls ; you will see, there- 
fore, that no solid 'matter can possibly be admitted. 

But I see you are a little puzzled, and it is natural that yon 
should want to know what happens to the solid food which 
you take into your own body every day for its nourishment. 

Not a particle of it can enter into the blood-vessels and 
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mix with our blnud until it has been completely melted up. 
Von and I can no inniv take- solid food into the cells of our 
body ihiin tin* daisy run; only yon and 1 luwo a wonderful 
and complicated arnin^vmrnt inside us for inciting up all the 
nourishing and useful parts of ilio food wo take, the useless 
remainder being nftenvards got rid of. 

We are not learning now about our own. bodies, and, inter- 
esting as the science of physiology is, wo must not do more 
than dip into it just sulliciently to show something of the 
diO'erences between our bodies and those of plants; "but I 
must just explain shortly that the. Food passes from the mouth 
to the stomach; after that it is acted upon in. various ways 
by different organs and juices of the, body, until all that is 
useful for food has been in cited up and made liquid. The 
liquid food passes into the blood-vessels by much the same 
process as that by which, the*, blood itself passes into the closed 
cells to nourish them. 

CELL CONTENTS. 

By this time I think you are feeling a curiosity to euter 
those closed and door less* colls, and to see what there is inside, 
which, as I have hinted already, works so busily and silently. 

You remember wo took' the. honeycomb for our type of 
cellular tissue, as we call this network of cells. , 

Every waxen, chamber therein is filled with clear liquid 
honey ; and this is not a bad representation of the contents) 
of the daisy's cells, which consist principally of a jelly-lik-V 
substance, more or less fluid and colourless, called proto 
plasm. A wonderful jelly indeed is this, for no kind of lif 
whatever is known to begin without the peculiar combinatio 
of materials which, goes to make it up. In this jelly-lik 
protoplasm all life takes its start. 

* Although we may fairly describe the cell-walls as " doorless," yet i/ 
some cases they are certainly pierced by thin threads of protoplasm, b; 
means of which a direct communication from cell to cell is established. 
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Do you remember how, at the bottom of the two " scales 
o being/' we found both animals and plants which were like 
little lumps of jelly ? Well, they were, in fact, little more 
than masses of protoplasm, with the germs of a low form of 
life working in them. And if we pass all up the scale of 
being and come to its crowning point, the human body, what 
do we find ? It is a marvellous and wonderful building, this 
body of ours, but it is all made out of the same materials as 
the jelly-like creature at the bottom of the scale. Yes, it is 
all originally developed from a speck of animal protoplasm,* 
which has been worked upon, has been made to assimilate 
fresh matter, and, finally, has been formed into this beautiful 
and perfect structure by the unseen, God-given life within ! 

Does it make you feel humbled to think that your body is 
made of exactly the same elements as that of the daisy or the 
jelly-fish ? Nay, you may rather feel a kindly sense of re- 
lationship to all your lower fellow creatures in Nature, and 
be thankful for the higher life in you, which (just as the 
spirit within you gives expression to your faces, making 
them show forth its qualities) has given this wonderful form 
and expression to the common material which a lower kind 
of life only forms into a vegetable, or into a senseless jelly- 
fish. But let us return to the cells of the daisy. 

I spoke of the busy activity of the occupants, did I not ? 
Life is hard at work amongst the little lumps of protoplasm, 
doing many wonderful things. Remember all that was said 
of the " green factories " and their works ; all these things 
are done within the cells. 

In many cells we may observe, within the mass of proto- 
plasm, one or more darker spots. These nuclei, as they are 
called, are like little centres where the work is most vigorous ; 
they are the busiest spots of all. 

In the jelly-like substance of the protoplasm, many other 
substances are gradually formed. 

* Usually called sarcode. 
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In the lenf-eiOls little greou particles are to be seen (under 
the microscope), which are the colouring matter of the green 
leaf ; anil very important little, atoms they are, as you shall 

hear another day. In some 
cells little grains o starch are 
found ; in others, tiny drops 
of oil ; but we must leave out 
of consideration for the present 
all those other substances 
formed by the protoplasm, and 
come, to the question: What 
is protoplasm ? 

An important question like 
this, however, cannot be an- 
swered in a word. 

You have taken, in (and, I 
hope, assimilated) enough 
knowledge for one day, and 
we will wait till our next 
lesson to discuss fully this wonderful " basis of life," as proto- 
plasm is often scientifically described. 




llM from potato roiilainin^ 
stuvch granules. Very ntucJi 
magnified. 



SUGGESTION TO THE TEACHER. 

Let each cliild choose. an animal and a plant, and give as complete and 
clear an account as he is able, of the outward form of the " body " of each ; 
mentioning the uses of each part, as far as he knows thorn. 



LESSON IX. 
PROTOPLASM AND ITS ELEMENTS. 

What is protoplasm ? That is to be our question for 
to-day, children. 

Outwardly, as I told you before, it resembles a sticky, 
colourless, more or less fluid jelly ; yet in this slimy, un- 
promising looking substance, that wonderful mystery, which 
we call Life, first began to show itself. The word " proto- 
plasm " comes from two Greek words : prolos, "first," and 
^^ nia ' "formative matter," and this name is given because 
in this mysterious jelly-like substance, life first begins its 
work of forming or building up. the bodies of living creatures. 
Life, and the combination of elements called "protoplasm," 
seem so mysteriously connected that where this particular 
substance is formed there is life. 

Here, it seems to me, it might be well to try to explain 
to you clearly what is meant by an element. In our first 
set of lessons I spoke of the raw materials " taken in by 
the pl ant) and cooke d," or prepared, for its own use 
Afterwards, instead of the expression "raw materials" J 
used the word "element." You understand, therefore, 'that 
the elements of a thing are the materials out of which it is 
made. The word means more than this, however. 

If I said: "the elements of sugar are carbon and water " 
I should not be speaking correctly, because water is com- 
posed, or made up, of two gases; but if I sai d: -the 
elements of sugar are carbon, oxvo-en A T, T .,i,^ ,, , 
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mixtures. Each of them, however carefully we analyse 
it, is found to be one and Hie same all through. This is 
what is meant by an element ; something which is not a 
mixture, and which we cannot separate into tivo or more 
different materials. 

Do we know what the elements are of which protoplasm 
is composed, and can. we make it, and bring a living being 
into existence ? We do know its elements indeed ; our men 
of science have been, able to analyse it arid to tell us this, 
and you shall hear the results of their investigation presently. 
But the mysteries of life are not given into our keeping; 
not the simplest of living beings can be brought into exist- 
ence by man. Be lias never yet succeeded in imitating 
protoplasm, well as he knows its elements ; and how it was 
first formed neither I nor any man can tell you. That 
peculiar combination of elements in which life always 
manifests itself seems sacred, and its secret is with God alone. 
But we will come to what we do know, for you are long- 
ing to hear out of what materials your bodies and mine, 
and those of every living plant and animal are built up. 

The first is quite an old friend of ours by this time. I 
told you that we should meet it often, and that you 
would have to learn to recognise it under many different 
forms. 

I think you have guessed that I am speaking of carbon. 
I told you that the principal part of the solid substance of 
plants consisted of carbon, and indeed your own bodies 
contain, and are constantly taking in as food, a large pro- 
portion of this element. 

Good charcoal consists of carbon in almost a pure state, 
but the purest form that we know of, as I told you before, 
is the diamond. 

If carbon is one of the elements out of which our bodies 



OXYGBIST AND ITS PROPERTIES. 

)o you remember that I explained to you (at the 

Lesson VI.) our dependent nature as regards our food? 

elements of our bodies are indeed all around us, in 

earth, air, and water, but we are helpless to prepare 

n for ourselves in such a manner that we can assimilate 

m. The kind vegetable world must do this for us. Further 

I, it is only certain plants that produce exactly the right. 

ibinations for our food. 

low particular our bodies are about the exact, propor- 
is and arrangement of the elements that nourish them, 
they not? But the plant world is particular, too, in its 
y, and if you offered a diamond to your favourite geranium 
rould be much puzzled how to assimilate it. Ho, re member, 
elements of life are all around us, but it is only under 
tain conditions and circumstances that they can, become 
d for living beings. 

Let us pass now to the nc>c,ond element of protoplasm. 
You do not know it by sight, as you do carbon, for it 
invisible; nor do you know it by taste or smell, for if. 
s neither; nor can you feel it, though it is all around 
u now. Yet you depend on it every moment for your 
istence. 

That sounds a strange riddle, yet 'perhaps you understand 
3, and know that I am speaking of the oxygon in the 
r. 

This invisible gas is what I called "the good part, of the 
r" in a former lesson, I described it HO, because it, is tin* 
irt of the air which is necessary to sustain our life. This it- 
>es by a process which I can best describe as the burning* 
: the blood and tissues of our body to produce the vital heat, 
id force. 

This sounds very alarming perhaps, but it is really only 
le same thing that I said to you in our very first lesson, 
hen I spoke of the constant " dying" of little particles of 
ur body, and the consequent need of replacing them by new 
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suU4aiuv, In amth**r hv.-on I \vill try lu explain the 
iiinffiT more fully to you, but \\ e will not, inter nipt our 
d i M.Tipti<'ii <>t' the elements nf protoplasm to ^'o into it now, 
It Is enough for the piv-'iif ihal you understand that the 
oxytr^n in tin* air i> that part <!' the ai mosphere wliicli is 
necessary to maintain your life. 

Though in its pmv staff oxytjvn is a,n invisible o-as, it is 
very willing, un<l*T ;-uifahit* cireuinsiajices, to enter into 
roiultiiKit ion with otlxT rlnii'nls ; and when 1 hns coinhiued 
it !a,k( k s many 1'onns, and is said in rompose ont> lialt* of tlie 
crust of the earth (thai is tin* outer la-yer of our globe, as 
deep as we have hern ;il>le to examine it ). 
, That is rut her a startling a-ssertion, is ii not? for the. earth 
looks very solid, anil not at all as if it' contained so large a 
proportion of an invisil>h* /as! lnt thm, you know, we 
resolved to keep in memory the fact that- solids, liquids, and 
gases are only substance under different conditions, and 
that the name substance, may appear in om* state or the other 
according to its circuinst.aiie.es. 

In the earth we set*, oxygen, combined with other dements, 
ill a solid form ; now 1 will show it to you as a liquid. But 
wait! It is time, to introduce the l/nrd element of 
protoplasm. 

This is called liydi*Ogeil ? and is another invisible, 
tasteless, odourless v ^as. Combine, it in certain proportions 
with oxygen, and a liquid is formed. What is it? .Pure 
water. Perhaps you remember that, ! have mentioned the 
elementB of water before as oxygen and hydrogen. 

This third element, hydrogen, is not Found in nature, pure., 
and free from any other substance, and the only way in 
which you are likely to be on familiar terms with it is when 
combined with oxygen as water. I hope you are very fond 
of It in. that form, and that it is a really intimate 
acquaintance of yours ! 
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of water! they do not seem very promising materials out of 
which to build the wonderful human body and all olhcr 
living bodies ! Let us come to tliv fourth element . 

Nitrogen is another invisible, tasteless, colourless gas! 
It is plentiful enough, for it forms four-fifths of the air we 
breathe. 

We need, it to repair and renew the tissues of our body, 
and without it we must inevitably waste away and die. 

" Well," you say, "there is no need, for such a melancholy 
end, if the air is full, of it ! we should bo .like, a, man dying of 
starvation at a full table ! " 

The nitrogen in the- air, however, is .not, in a suitable- 
condition to be assimilated either by plants or animals. The 
only useful purpose it seems to serve- thus is to <//7if/<- the. 
oxygen which, by itself, we could not breathe, it, does not 
mix or combine with the oxygen in the air under ordinary 
circumstances, though in tropical countries where there are 
very violent thunderstorms it sometimes does so combine, 
and then (or whenever oxygen and nitrogen and hydrogen 
are made to combine) a substance called nitric acid is 
produced. In this form, or when, tho nitric acid is further 
combined with potash and becomes saltpetre, the nitrogen 
becomes fit for the use of plants. But probably the form in 
which they generally obtain their nitrogen is as ammonia. 
This is nitrogen combined with hydrogen. 

I dare say yon have, some of you, on one occasion or 
another, smelt a bottle of " smelling salts"; and, if you look 
a good sniff the first time, perhaps yon were a little. stjiriled 
at the stinging, pungent odour, which quickly brought, tho 
tears to your eyes ! These salts are almost entirely made or 
ammonia, and it is this which gives the/in their irritating, 
pungent smell. 

Sal volatile is another mixture., containing ammonia, 
with which you are likely to bo acquainted. 

Ammonia is constantly being given out in various fontus 
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by nil animal bodies; our perspiration, for instance, contains 

a small (juantity of it. The, decay of any animal substance 

always produces ammonia,; so the atmosphere and soil are 

constantly receiving it from one, source or another. Carbon 

lias the property of absorbing this substance. The carbon in 

V the soil, of which 11 1 ere- is always more or less, takes it in 

| and keeps it for the use of plants ; and in tin's combination it 

I suits them remarkably well. 

Ammonia also mixes easily with water, and the rain often, 
conveys it thus to the roots of plants. 

Of course, it is, as usual, through the plants that animals 
get the supply of nitrogen which is so very necessary to 
them for the repairing and renewing of their tissues. Home 
vegetables peas and beans, for instance- contain very much 
more nitrogen than others; they are therefore more, nourish- 
ing, and are much, used by vegelarians. .Hut we human 
beings mostly "take a short, cut' 1 to get our -nitrogen, and 
obtain it by eating meat, eggs, and other animal food, which 
contain a large amount of it in a small space. 

Now we have spoken of four elements; carbon, oxygen, 
hydrogen, and nitrogen. "When we have added to these a 
very small quantity of sulphur and phosphorus wo shall 
have the elements of protoplasm complete. .Probably yon 
know sulphur in the form of a yellow powder, sometimes 
used in medicine. It is often burned to stupefy bees when 
the honey is to be taken, and its fumes are also employed to 
disinfect rooms where fever has been. 

Phosphorus, which we use, as perhaps you know, in the 
manufacture of lucifer matches, and also in medicine, is not 
found in a pure state in Nature, but always in combination with 
other substances. It is contained in the bones of all animals. 

Both sulphur and phosphorus are produced in certain 
forms and combinations, when any animal matter clecajs^ 
and the plant absorbs them bvits roots, with the water which 
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!>v ill animal bodies ; our perspiration, for Instan.^ 
a small quant ii v of if. The decay of any anifli^)" > 
alwavs produces ammonia ; so tho atmosphere ^v - 
constantly receiving ii from onn source or anoth^, *^ 
lias ilu' properly of absorbing this substance. Tl^ x x 
' flu' soil, of \vhieh there is always more or less, ^ 

;ui<l keeps it. For the use of phuiis; and in this co^ % v| 
i suits tlieni remarkably \\ell, Vj 

AtuiHonin, also mixes easily with water, and. th^ 
conveys it thus 1o the roots of plants. 

Of course i|. is, as usual, through flics plants t} >sv 

m i t; i-ho supply of nitro'j'en whi(*h is so very n.^ 
^ ii,. >. / ^c^ 

Ihcni for the repairing and n>n<nving of their tiss> 

vt\^eiables~- -peas and hen.ns, for inslaiKv -contain. . 

more nitj'o^'en i.lian others; they are therefore nio>>~, 
in<j;\ and, aro much used by vegetarians. But ^ 
l)eings mostly "take a short, cut '' to o-et, our nit^ . 
ol)taiu it by eating meat, (\u;'i(s, and other animal iV^ 
contain a largo anuiunt of it. in a small space. 

Now wti have spoken of four elements ; carbo^ 
hydrogen, and ivitrogen. "When \ve .have added ^ 
very small quantity of sulphur and pliosphortig 
have tlio elcvtnents of prot.oplasm conrplctp.. Prot 
know sulpliur in the form of a yellow powder, s 
used in medicine. Ib is often. buiMied to stupefy t 
the honey is to be taken, and its fumes aro also enx- 
disinfect rooms wlie.ro fever has boon. 

Phosphorus, which wo use, as perhaps you kno 
manufacture of lucifcr matches, and also in. medicii 
found in a pure state in Nature, but always in combine 
other substances. It is contained in the bones of all 

Both sulphur and phosphorus arc. produced JM 
forms and combinations, when any animal ma 
and the plant absorbs them by its roots, with the 
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These, then, are the elements of protoplasm; these, 
,ome other less important substances, are the content*; o f 
-hose myriads of tiny cells which compose the mass of ^n 
irganisms, from the shapeless lump of jolly at the botiotu o f 
he scale of life, to the wonderful human body. A Hl,t,l.o 
:arth, a little air, a little water. How true it is that " diisst; 
?Q are, and unto dust shall we re '.turn. 

"It is the Spirit, that <|uiekeneth " --the. marvellous (loci- 
liven life within us has united and organised those otnnu.onti 
lements, and formed out of them this mysterious M ruefciire. 
'Mchfcclx, and M/infa, ft-n-d ca-n. wmlcr "/ it* "/'*// /"/'/'" ^'^//,,s*. 

Possibly this lesson may have scorned a littlo dry and <H:fH 
ult to you. But I think we could not hope io oven luyt.-n. f*o 
nderstand the constitution or t-he struc,tunu>f pl;i?its wi 
eing able to form some notion of the. oleuirni-s \vliieh 
ose them. ; and. I hope that the- pleasure of wn.idnn^ t!io 
lauts at their daily work, and understanding a little of wlxrtt} 
ley are doing, will repay you for any elToris ynu may Iirtvo 
lade to-day. 

Let us glance back, for a few moments, before we dose, rtr.tcl 
lake it clear to ourselves whence the plants obtain each of" 
le necessary elements. 

(1) Carbon by the leaves, out of the air, in the- foi^iri 
of carbonic acid gas, a combination of oxygen and oart>on, 
as explained in Lesson V. The leaves separate these t*wo 
elements, keeping the carbon for their own use, n/i.i.cl 
setting free the oxygen, which is so necessary for our ll.fo. 
Thus they " purify " the air for us. ();irbon is aJso taJccvii 
in by the roots, from the soil, as carbonic acid (again eoxn 
bined with oxygen) dissolved in wator. 

(2) Oxygen is taken in \vitli 

(3) Hydrogen, as water, by tins roots, and n,s 
vapour by the leaves. Under certain ohr.u install oos 
some pure oxygen is taken in from the. air by the loaves, 
and more especially by the flowers of plants, 
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(4) Nitrogen by llu> mot.s, combined with hydro- 
p'n as amnionijt, and in some oilier coin lunations. 

(6) Sulphur and Phosphorus by the roots, 
in various rmnbinat inns with other substances. They 
an 1 rspi'<*i;dly {'mind in suitable Form for absorption by 
tlu> plan! wlu'iv ilir drcay of animal inaticr is 



SUGGESTIONS TO THE TEACHER. 

In onlrr tONiudv the result:- of diiVrrnil ctuiiliinalions of clonicuis, let 
t he children trv how ni;iny dilViTcnl- linls llicy <'an {>i - oluci5 \vit.li tliu three 
c.ardinal colour,--, red, blur, ;md yt-ilow. 

In tin* rasr. of ij/irls |>(is:-< < ;^:-ini ( ; sonu- kitowlrdiM' of <-ookiiuj;, Uii 1 . subject 
iiup;ht- b<- si \idird !>y each taking a ifivcn <|uanlil.y of Uuvc. or more ingre- 
dients (say suyar, initicr, and ririr) J^l rookim.?; i\wm jir.c.onlinff to a 
dHVcrent. plan of ('onihinat ion ; t-lio resulis Ix-in;,?; produced afterwards for 
comparison. 




LESSON X. 

CELLS AND VESSELS. THEIR GROWTH 
AND DEVELOPMENT. 

WE were out in the wide world in our last lesson, children, 
hunting for the elements out of which the bodies of plants 
and animals are built. 

To-day, however, I propose to confine ourselves to a 
narrower space. 

Let us enter again in spirit, as we have done before, into 
the body of the daisy, and examine more closely into the 
structure of those minute cells of which every part of it is 
composed. 

Of the protoplasm which these cells contain we have 
spoken pretty fully, and possibly you remember my allusion 
to the little green particles embedded in it, which form the 
colouring matter of the leaf, and which I said were very 
important little atoms indeed. These two the protoplasm 
and the green atoms, called chlorophyll are the busy 
workers within the closed cells, by whom all the life of the 
plant is carried on. 

In the centre of the cell, within the protoplasm, we shall 

generally find little spaces, called vacuoles, filled with cell- 

I* sap, that is with fluid (containing various substances in 

I solution) which has been taken up by the roots. This is the 

i; raw material :J for the use of those busy workers. 

Let us now examine these doorless walls which shut them 
in, and see how, and of what they are made. 

The material is called cellulose, and it is composed of 
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three of tin 1 eh'twnts (!' protoplasm, namely carbon, oxygen, 
and hydrogen. 

These ;uv also the dements of sugar and starcli, and even 
the proportions arc UK* same as in the. case of starch, so 
(as we said once bi'i'oiv when speaking of gum and sugar, 
which have the same elements in the same proportions) the 
only difference am be in the mixing. 

Von will notice that nitrogen, wbic.1i forms snch an import- 
ant element in the protoplasm, is not to be found in the cell- 
walls which enclose if. r rhrsr. walls do no work oxcopt that 
of protecting tbc working* material within them ; iliey are less 
alive than their contents, which is a strange thought, when 
you consider that, they are act ually portions of the. same living 
organism. Hut it is a fact that, not only in the vegetable 
but, also in the animal world, each individual plant or animal 
is made up of numbers of little working living, separate 
atoms, each with its own little piece*, of work to do for the 
general body; and this general body depends for it-s comfort 
and health upon the manner in which each of the wee atoms 
does its duty. The. body is really a, multitude in one. 

We may carry that thought on, if we like, and look upon 
ourselves as tiny, separate cells in the, great body of humanity, 
and remember that the right, doing of our work is of real 
importance, to that body, just as it, matter* to our littlo daisy 
whether tho woe cells of its leaves are working -properly and 
doing their duty or not. 

But, to return to the. walls. " I low were they built " ? yon 
ask. 

Let us go to tho very bottom * of the. scale of life and set 
for ourselves. 

Here, on the animal, side, we see shapeless specks of slum 
which are nothing more than little lumps of animal proto 

* Reference to embryology appearing unsuitable in a, work intended Jo 
children, it lias been necessary to take all illustrations of the process c 
development or evolution from existing forms of life, of tho lowest types. 
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plasm * as we may call it. In fact, they are like the con- 
tents of a single cell, without any protecting walls at all. 
On the vegetable side, the specks of jelly which form the 
/.lowest plants have made already a faint attempt to provide 
themselves with a covering and protecting membrane. The 
outside of them, f is firmer and stickier than the inside ; In 
fact, the protoplasm is at work making itself a house. 

It is the nature of plant life to develop in this way, 
separating oil* each little cell from its neighbour by walls, 
which, as we shall see, often become very thick and (inn 
indeed. 

The animal life develops somewhat differently. The evil 
membranes have not quite the same chemical composition, 
and they do not, as a rule, become thick and (inn as in the 
vegetable. 

A little higher up in the scale of vegetable- life we find thai 
the protoplasm, after forming a thicker layer on its outside, 
as we saw before, has now begun to build linn, enclosing walls. 
As we go higher rip the scale of vegetable life, these walls 
become more distinct and iirm. 

Finally, wo arrive at plants like our little daisy, which 
is built up of a number of sr^rm/V, individual cells, each 
surrounded by its wall, each doing its o-irn work*, but, as we 
shall see, nol by any means each tin 1 ,SYI"W work Hint ils neigh- 
bours do. 

You may have thought, hitherto, that all the cells of our 
daisy were the same in shape, had the same thickness of walls, 
and did the same work. But this is not so. Apparently our 
daisy has got beyond thinking that everyone should be equal, 
and that the world would be happier if every man wore exactly 
like his brother .man. At the bottom, of the scale of life, 
down amongst the little lumps of jelly, it was so. There, in 
those lowest forms of plant-life, each cell (if thoro were more 
than one; for some of these wee, simple plants can boast, but 
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of a single cell, like a one-roomed cottage, wherein all the work 
of life must go on) each cell is exactly like its neighbour, and 
each cell " does everything" it absorbs and assimilates food, 
it grows, and can produce other cells like itself. It does not 
depend on other cells for anything, and if it be Separated 
from them, it really does not mind a bit, but sets up house 
for itself quite, happily ! 

In these very low forms of vegetable life., any bit cut oft 
from a plant will, live, and grow, because each cell is really 
complete in itself, and independent of the others. Now that 

may seem very attractive; but if 
we are to follow Nature and her 
teachings, it is not the highest and 
best ideal 1<> set before, oneself. 
For which, of you ran doubt that 
the. beautiful beech-trees of our 
woods, the violets and roses of 
(J'<'HH<-r our gardens, or this little daisy 

r)n<'.kw<'o<l). The llowois ' . . , 1-1 

romo on tho matins o art*, examining, have a higher 
<f tho loaves. To tho kind of life than that of the green 

right is a maprm(i<'<l ,- * , , 

,1 i-i i shnio GTowmo' on wet stones, or 

llowor which can sot ^ J-> > 

seed, though it has no even. the. "duckweed'' in a stag- 
bri 6W petals. nantpond? 

The duckweed, however, has begun to set tho cells of its 
body to different works. Some of them make up tlie little 
white roots which hang down in the water, and it is their 
business to absorb tlie, 'Hourixhnwnl, for tlie tiny plant. Then 
the cells of the small green leaves must " cook" or 'jnr/Hirc it, 
whilst those of the minute and very inconspicuous flowers 
must do their several parts to produce, /lie seal. 

We are ready now to glance at one or two different kinds 
of cells which, amongst the higher plants, have been set to 
special work. 

The lowest forms of life, both animal and vegetable, are 
mostly to be found in water, where they are saved the trouble 
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of supporting their own weight, ami lloat about lazily without 
a bone of any sort (much less a backbone, wit id i is always 
getting into a rounded position, and causing its -possessor to 
be scolded and desired to tf sit up " ) ! 

The green inhabitants of the earth, however, when once 
they have begun to aspire to rise above the. brown soil awl 
enjoy a bath of sun and air, must be provided with something 
staffer in their composition than. Mi in walled cells. 

Did yon ever see a "bouquet, of "skeleton leaves ' ? 

They are leaves from which all the soft, green substance 
has been removed by some, process, and only 1 he while net- 
work of so-called "veins" is loft.. Very -pretty and lawlikr 
is the delicate tracery of this lino network, lint wbal is i! ? 

The very word "skeleton" may help us to the n<>;hi view 
of its nature, for it represents our bones nit her i h;ui <ur 
veins. It is that which gives firmness and stillness t<> the 
surrounding tissue, and without sueh a provision ol "ribs 
or "bones' 7 the leal' would be very limp and exeeedm"'!y 
liable to get torn and injured. 

Look at the linn, strong stalks of plants. They are evident iy 
of the same nature. 

Now look at tho woody stem <d' a lilac, and then at (he 
great, strong trunk of an oak or bee.eh. 

What sort of cells composes the network of the hal, the 
stalk of a [lower, the stem of a shrub, or the trunk nf a tree, 
do you suppose ? 

Let us see. 

In the cells forming' ill e soft/, green part of the daisy-leaf 
the protoplasm has been contented to surround it so If with 
thin, delicate walls, through which the sunlight' and air, re- 
quired for its manufacturing work, might easily penetrate, 
But in many cases, whore a firmer substance is required, fresh 
layers are repeatedly added by tho protoplasm to the walls uf 
the cells, until they become sometimes so thick as to Jrave 
hardly any space inside the cell, Tho shells of nuts ami tho 



So TKLLS AM) VKSSKLS. 

Atones of cherries an* made of such colls as these, and many 
touifh and leathery leaves have thickened cell-walls. 

We inn^t remark, however, that, as a rule, these layers of 
thickening material are not deposited in an unbroken circle 
n.ll round the cell, hut in such a way as to leave tiny passages 
open to the old cell -wall. 

These passages art 4 so arranged as to have, their ends 
exactly opposite io the passages of the next, cell, only the 
original thin cell-wall coming between. Thus, you see, there 
is st'ill a possibility <f some sort of communication between, 
next door neighbours, which would hardly be the. case if they 
had to carry it on through those terribly thick walls! 

The form of a cell which is not pressed upon and can grow 
comfortably, is usually more or less that of a circle, or an oval, 
but the. pressure of other growing cells around it, and various 
other circumstances in its development, may cause it to take 
many different shapes. 

The cells of the green tissue from our daisy's leaf wen 
like an irregular crinkled network; others will take mon 
regular forms, often resembling crystals. 

Now, il I examine through my microscope a particle fron 
the mid-rib of a loaf, I find that the shape*, of the cells wind 
compose it is totally different from the more or less rounde 
forms we have looked at hithorto. They are long an 
narrow, and they taper to a point at each end, so that the 
fit together like spliced sticks. Their walls are thickened b 
a woody deposit, which has been laid upon them by tL 
protoplasm. 

Yon can easily Bee how very strong a substance forme 
of such cells can become. In fact, this is the "wood 
.matter" which composes the principal part of the trunks ( 
trees. The stringy part of the stalks of llax and hemp 
also made up of long, tliick-walled cells like these, and th 
is the secret of their toughness and strength. 

Amongst such woocly tissue we may often find anoth 
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structure of a tubular shape which I must now describe 

to you. 

The common plantain growing by the wayside, will iunush 

us with an example of what we want. 

Gather the largest leaf you can find. You will notice 
some little green threads in the si, -ilk, which you can very 
easily pull out, and which leave- lii^e holes where they have 
been. If we boil these threads il will make them very much 
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Wood cells. 
Greatly magnified. 



Plantain I'avcM with iii u j^mm thivnuV' 
hanging out From Mm broken stalk:-:. 



easier to manage. Then, if I pull one. to pieces with needles, 
and examine a morsel of it through my microscope, 1 am sure 
to find some of these curious tubes. 

See, this one has a libra coiled up as close -is possible 
inside it, throughout its whole, length. One of them has 
been torn by my needles, and the fibre has come out of it:* 
tube, and partly uncoiled, looking like a delicate tendril In 
another the fibre is quite loosely coiled, and a third ha:, only 
rings inside it. 
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These tubes are called vessels. They are formed by the 
union of a number of evils which happen to be placed end 
to end. The partitions between these colls break down and 
disappear, and a long vessel is thus formed. The curious 
coil of fibre within these tubes is (as usual) the work of the 
protoplasm. 



from tho fibre of a. plantain leaf, as H 




the m 



Sometimes only rings are formed ; and, indeed, in plain 
only just far enough up the scale of life, to have such, vessel 
this is the usual arrangement. 

Sometim.es, as we have seen, a complete, and even occasioi 
ally a double coil of .fibre is produced, which can be pulh 
out of the tube. 

Sometimes, again, the thickening is laid down nearly i 
over the walls of the vessel, the tiny unthickened spac 
between looking like dots or pits. There are, many varieti 
of appearances, which are all caused by the different manu 
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in which the thickening layer is deposited on the walls by the 

protoplasm. 

And what is the use of these vessels .' you ask. 

It has low? been a disputed point, but- some experiments 

have it is generally considered, proved 1haf they MTV.- a* 

channels to help in the distribution of the sap (and ai- <! 

certain gases taken up by the roots) lo ihe evils. It I ^ " 

so, you will see thnt many 
plants (though not all) hn\e a 
certain :nuinber of kt pai^a'.r'v, 
in their ik house, 1 ' after all, in 
bring the fond-supply to th- 
doorless chambers. Put enr- 
tainly none ;n*e provided with 

r/) ~i i i } r I- . i . -M 1 1- *' 

'-- ' such a, net.work <l pas.-.Mf. 1 ' 

as is the case in the yv h'ii:-c* 
of the- iMiimal. 

Ivonglily spenkinj; ue may 
say : 

or less rounded cells are 
used mostly for ihe al;-'>rp- 
tion, manufacture, and storugo oi* the pl-int's food. 

(2) The narrow, thick( v ne(l cells For giving .^trMi.?;'ih i*> 
the various parts. 

(3) And the. vessels for carrying and distributing the 
sap and gases amongst the- cells. 

One more question \vc must, ask before we close. 

How does the plant grow? The tiny seedling; ran ha\e 
but a small number oi" cells, com pared lo those in the full- 
grown tree ; how do the cells multiply ? 

It is a simple process -none could be simpler. 

The protoplasm, of each cell, as it reaches a, certain ; i/e, 
divides into two (or sometimes more) portions ; a new vsall i*. 
* Made by Mr. Herbert, Npnuvr. 



i. Dia.gn.il 11 of a sinj;' In- 
celled plant. 

2 and 3. Ditto dividing. 

C.w. Cell wall. Pr. Pro- 
toplasm. V. Vjicuulti. 
N. Nucleus. ?/. Nucleolus. 
ch. Chlorophyll. 
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huilt up between Uit'.st-* port ions, and each bocom.es a separate 
cell. 

These now colls thru sH io work to L^TOW until they also 
arrive. nt thr sln^e \v IK-MI their si/,e renders it necessary for the 
protoplasm to divide info two or more separate masses;* and 
80 the multiplication of the cells and {.lie growth of the plant 
jj;oe on. 

Then 1 ! are various diiTerent manners in which this division 
of cells is eHeeted, hut we must, not stay to speak of them 

to-day ; and the principle is the same in all -growth by division 

of the protoplasm, and the consequent multiplication of 
cells. 

SUGGESTION TO THE TEACHER. 

In order to study the frame-work of plants, let, the children collect 
leaves and make careful drawings of their " ribs " and * { veins," noting the 
great variation in the arrangement, of these in dill'erent plants. It would 
be desirable, if possible, for the children to reduce loaves, seed-vessels, etc., 
to skeletons, but the process is too tedious and delicate; for most children 
to manage. A recipe is however appended. 

{Steep the leaves in rain water, in an open vessel, exposed to the air and 
sun. Water must be occasionally added, to compensate loss by evapora- 
tion. The leaves will putrefy, and then their membranes will begin to 
separate. Then lay them on a clean white plate iillcd with clean water, 
and, with gentle touches, take oil', with a still paint brush, the external 
membranes, separating them continually near the middle rib. 

* The necessity for the fission of the colls, when they reach a certair 
size, arises out of the diflicnlty of supplying the protoplasm with food 
when its bulk becomes too great, relatively to the wall-surface, which act! 
as the medium for the conveyance of the supplies. 



LESSON XI. 
HOW THE PLANT FEEDS. 

WE cornet back to-day, children, after our journey through 
the plant's green body, to a pressing question, of daily life., 
which we all of: us have to consider two or throe, times a day, 
at least ! 

We have considered it already to some extent in <>nr 
Fourth, Fifth, and Sixth Lessons, under 1,1m head tu Assi- 
milation." We learnt in .Lesson. IV. which \veiv the organs 
of absorption, and assimilation in -plants, and in what form 
the raw material was taken in by them. 

Lesson V. described the. manufacture of the food, and its 
storage in various parts of the plant. ; and gave details as to 
the plant's powers of abstracting the carbon from (he air, for 
its own use, and to our groat ad vantage. 

In Lesson VI. we spoke of the, substances made in the 
"green, factories," and. considered their uses from our own 
point of view, and that of the plant;. 

In Lesson. IX. we examined into the elements of proto- 
plasm, and saw whence iJie.se materials were obtained by the 
plant for its sustenance, and growth. 

We have learnt, then : 

(1) That the rout and /m/v.v are, the 'jtrlnci/Hfl organs of 
absorption and assimilation. 

(2) That substanwx can only be al^orbcd by the plant in 
the form of liquids or (jaxcx. 

(3) That the raw v/w/mVr/,s, taken in by tho root and leaf, 
are afterwards prepared for use by the uclwn, oj the nils of 
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the loaves under the -inJIiH'.ncr of .v/////y////7; and that, finally 
the Hurpfi^ of the food (forming various compounds, differinc 
according to the nature, conditions, and circumstances of th< 
plant) is .s/wvv/ fumy in various parts of the plant for future use 
(4) That 1,1 i.o r/r///o//.s' of protoplasm are carbon, oxygen 
kytlrof/cn, and nUmf/ai., with a ininuto quantity of sidphwr an< 
plt-otyhoru-fi ; and that of these the />'*/. is taken in principal!-* 
by tho tea-vex, from tho air ; the //a> y//',/tf, as water, by tin 
roots; and tho Hirer rcina.inimj clmn'.u.t-x, in various combina< 
tions and solutions, by tho roo/x, from 1 -lie .so//. 

r .rho, quosi.ion thai, remains for us to ask to-day is: 
" How does the plant feed ? " 
First, however, 1 have on< v word more to say as to thu 
mate.rii.ils of its food. 

Tho four principal elements of protoplasm are the mos 
important of these by far, but 1. must not lot you think the/ 
are the only substances which are needed for tho plant' 
healthy sustenance. Quite a long list of mineral sub 
stances are, to be- found in minute, quantities in plants; am 
small though the quantity may be, soino of them aro genei 
ally necessary to t.he very existence of the -plant, as has bee: 
proved by many interesting and curious experiments. Tha 
will not seem so strange to you when you consider that you 
own body caimob do without a certain mineral substance 
which you 'eat in very small quantities, and perhaps withon 
even knowing it, at almost every meal. I am speakin 
o conmm satt, which is really ono of the, nrcrtMttrics c 
life. 

Some child says : " I never eat salt, I do not like it ! " 
But you drink milk, do yon not? and milk contains 
minute quantity of salt, as do other foods. Besides whicl 
a little salt is usually added in all cooking even in th 
process of bread-making. 

"And what are these mineral substances which are tli 
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Well, we may mention first the elements of common salt 
itself (chlorine and sodium.) 

Sulphur and phosphorus we have spoken of already, as 
entering into the composition of protoplasm. 

Besides these, potash and soda, lime, magnesia, and 
iron will perhaps be those best known to you by name. 
Silica, or quartz, which forms the principal, part of sand 
and sandstone, flint, etc., is a very important clement in some 
plants. It is this stony substance which gives the firmness 
and the shiny appearance to straw, reeds, and grasses, it is 
said that in warm, climates, daring violent hurricanes, reeds 
have actually produced fires by merely striking together in 
the wind, owing to the amount of this ilinty matter which 
they contain ! 

You will wonder how this most insoluble, stony material 
can possibly be taken in by "plants; but, though insoluble in 
water, silica, in combination with other substances, becomes 
decomposed, and rendered fit for tho plant to absorb. 
Changes like this are constantly going on in tho earth, the 
insoluble being converted into soluble matter by various 
agencies. Sometimes the mere chemical union of two 
elements is sufficient to produce, a liquid or a gas which can 
be easily absorbed. (Oxygon and hydrogen form water ; 
nitrogen and hydrogen produce ammonia ; carbon and 
oxygen carbonic acid, and so forth.) 'Hut in spite of these 
natural chemical operations, much useful food remains in a 
solid and insoluble condition in the soil, and must be 
useless to plants as long as it remains so. 

It is thought by some that the roots of plants, when they 
come in contact with such solid .material, in the, soil, have the 
power to give out an acid juice, which melts up the 
delightful lump, and renders it "digestible" as we may say, 
that is, fit to be absorbed. Whether this observation bo 
correct or not, it is quite certain that the whole earth teems 
with a countless multitude of tiny workers, who aro an busy 
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as they an 1 small (and that is saying a great deal!) and who 
break up tlu^e masses of plant food and. gradually render 
them soluble rind available for the use of the hungry roots, 

What useful little agents! What are they? 

Well, they are the* very humble relatives of the plants to 
which they minister. 

Too minute to be seen except by the aid ol! the microscope, 
very simple- indeed in form and construction, quite at the 
bottom of the scale of life, these little atoms still are 
numbered amongst Life's children, and have their place in 
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the Vegetable Kingdom, and their special works and some 
of them most important ones-- to do. As an example o:: 
1his class of tiny workers, I may mention the little yeasl 
plant, which, by its growl h and rapid multiplication 
produces the commotion and changes which we. call 1'ennen 
tation in the juices of the- gr;i,pe or mailed li(jtior, convertin< 
the sugar into alcohol. By the agency of this tiny 
microscopic 'plant, we ares thus furnished with wine and beei 
Now that we have seen the. materials of plant foo< 
rendered soluble and ready to be absorbed, we*, are prepare.' 
to ask the question : " How does the plant feed ? " 
How do you and I take in our food ? 
It is simple enough, you think; we just open our movitl: 
and eat it ! 

But let n s think over the process a little more carefull; 
Suppose one eats a piece of bread. The bread enters tli 
month, in a solid form. There it is ground up by the teet 
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and mingled with the fluid in the mouth, which partly 
digests it, and changes the starch contained therein inlo 
sugar, as I told you. in a former lesson. 

Sugar, yon know, is soluble, though starch is not ; and, on 
entering the stomach, that part of tin's starch of bread which 
has been converted into sugar is ready to be nb -orbed into 
our blood. 

How is this accomplished ? 

Numbers of small, blood-vessels are sitn;itcd all round the 
walls of the stomach, ready to absorb any part of the food 
which has been properly melted up and prepared fo enter 
the blood; but these minute tubes have no openin"*; lire 
membrane which, form H their walls has no break in it. ^ on 
see it is the old story again of the door! ess cells, 1-5 it not r 
and the only way is through the \\alis! And //>/./ //, thn.* 
walls of membrane it is I. hat ///*' /<></ has to // //</.-,//,, 

Now you will, easily see that a hunch of lit tie roi !H : in a. 
moist and fertile soil are in precisely the same c;t: e a, the. 
network of little blood-vessels in the stomach. The [nod i 
there, suitable in kind, and in liquid form, only \vaitin"' In be 
absorbed; but how shall it enter the- closed cell' of She. 
thirsty rootlet ? 

People used to think that the taps of the rootlets had iinv 
lioles, and tli at they sucked up the food like sponge;-, ; and * 
they called the root-tips spongioles, and you may hear the 
word to this clay, though we know better now. 

No! It is not tho plant, which Slicks, but rather the 
water which soaks. It penetrates the cell by ; ,oafcin"' 
through the cell membrane, or wall, for which it has \\hai, i s 
called in chemistry u an affinity," or, as you may :--av, !o make 
it plain to yourself, a liking. 

To understand this matter better I think you mil; 4 t rv one 
easy experiment Get a lono- K l a ,ss tube, and fir a bladder 
tightly over one end of it, in such a manner thai the bladder 
forms a little bag opening info the lube, 
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Now fill the bladder with some syrup made of sugar and 
water, and plunge it into a bowl of pure water, securing the 
tube in an upright position, with the bladder under water. 
Leave it thus for a short time. 
Now what has happened ? 

" Why the syrup has filled the bladder 
quite full, and is rising up into the 
tube!" 

Well, the syrup cannot have increased 
in quantity, can it ? So it must be the 
water out of the bowl which has pene- 
trated through the bladder, or " mem- 
brane," to mix with the syrup. 

This passage of fluids from without, 
through an intervening membrane, to the 
interior of the cell, is called osmosis; 
and you must notice that it depends 
principally on two conditions. First, the 
fluid outside the skin or membrane must 
have " an affinity " (or liking) for the 
kind of membrane which it is to penetrate. 
And, secondly, the fluid inside the cell 
must be thicker than that outside, and the 
two fluids must also have an a ft nit i/ for 
each other, and be able to mix when they 
meet. 

This sets up a kind of current between 
the two fluids, and, at the same time that 
the thin fluid is hurrying through the mem- 
brane to reach the thicker one inside, the latter is also passing 
(though much more slowly and in less quantity) from within 
to without the membrane to join its friend, the thinner liquid. 
Now we shall see that all these conditions are fulfilled both 
in the case of the blood-vessels in the stomach, and the root- 
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In the case of the blood-vessels, the membnu..'. ,.f 
is supplied by their delicate matin- l'..r which th- 
of sugar has a strong aflinity ; and tlie sii^ir IIIUTJ.-. 
through tins membrane and join the bl..<ui uiUnn it. 

In the case oC the rooi.icts, the e.'lls just ;m..vMln- r 
have very thin and delicate walk whieh an- ,.;i:-i!y p.-i 
by the water from i.lie soil, carry in"; van-u. nb ':: 

solution. 

The water is thinner than fin* semi-fluid, j.-!K-:iS;'- c 
of the cells of: the plant, so the n,'ce,;sary curn-nt i 
lished, the water hastening in sn;ik tin- (Vd-wa;!- ,j'- 
it has the necessary jiflinit.y, and t j"in *' fhu'i,, 
within. At tlie sa,me tinu% a small ipi;iulil\ u!' th.- 
of the cells eacap<;s into t.he soil, when- it "-. IM 
friend, tlie water. Tlius you will sve IM.W i! i p" 
the acid juice we spoke ol' ma,y be <..nv<'n nut by fhf !:? ! 
plants for the u diovstion " of himpK .i' i'.r..| cnuiain.-.i in i - 

earth. 

When the water lias entered the. first <!!, a-<: 1 hav d-- 
scribed, you can .easily understand that, by rxaetly th" ru- r 
process, a part of it will [Kiss through {he wall;- ol that li'f > 
chamber into the neio-hbouriu^ om% and thu;- connm!*- it. 
course tlirongliout t.lu.'i plnut, brin^iu^- supplie ; \\'<*\\\ e. 11 t- 
cell, or, sometimes, moi'(^ ra.pidly, by means of I hr lu; p '. '-v*.-! 
which 1 have before described. 

Not liquids only are thus taken up by tin* nut/;, but ab 
some gases, contained, in the soil, enter the cells, by thr \\.\\\** 
process as the water, \nd in^ r-jirried a,lori!,( thr<Mi<,rh fhc crvil 
and vessels with tho sap, ;is (\\u food-brintnu'!; juice i 
called. 

Plants, yon see, have no circulation such an ours; n<> such 
definite system of pipes or tubas, through which tin* nonri h 
ing blood is pumped to iced every hungry cell in tin* body, 
Nevertheless, it is astonishing how rapidly t,he liquid, 1;iken in 
by the roots, ascends from cell to coll, or cell to vessel, \vhen 



through what part it descends again to all the growing 
portions requiring nourishment. 

On the whole, it is believed that the -upward course is 
mainly through the newer part of the wood of the trunk (not 
the layer next to the centre of the stem), and that the 
ilf&:cnt takes place through the tissues close underneath tlie 
luj'l'. \ 

But, once again, remember that there is no definite 
set of vessels to carry the ascending sap, distinct fr\om 
those conveying the descending food; so you must not think 
of the circulation of the sap in plants as being exactly tie 
same thing as the circulation of oar blood. 

In concluding our lesson for to-day, let us put the processes 
of the feeding of the body in animals and in plants side by 
side, and compare them. 

In Animals the food is taken in by the mouth, in , 
solid form : is rendered soluble by various processes in the 
mouth, stomach, and intestines ; is absorbed by the blood- / 
vessels by osmosis ; * is carried with the blood to the lungs/ 
to be mixed with oxygen ; and, lastly, is pumped, with thtfe 
rest of the red nourishing blood, to every part of thj 
body. 

* We need not refer to the lacteals, as their contents are afterwards; 
discharged Into the blood. 
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In Plants the food is taken in, by routs ;in<I leaves, 
in liquid or gaseous form, by osmosis. Tin* liquid taken in 
by the root is passed from cell In cell by iho same JUYHVSS nf 
osmosis; it passes up i<> I he green leaves; is thriv prepared 
(with other matters taken in by the leaves) for the use nf 
the plant, and theaco disperses n,nd deseeiHls f< nourish everv 
part of the vegetable body. 

SUGGESTIONS TO THE TEACHER. 

Let the children study the principle nf t^uiusi., for tln-mst'lvi's ; trvin-- 
the experiment mentioned in U 10 i<'>sin, nu|. im-n-lv \viih \v;H.rr and svnn% 
but substituting other lifiuids l'r |.h'.s ;nr.or<Un;.; to iln-ir pli-asun*, and 
noting carefully the results in t!u dinVn*nl cjisrs. 

All that would be required for this would 1 >. snnu? ;.nun<3 Mii/Mrr.-. and 
plain glass tubes. 



LESSON XII. 
THE GREEN LEAVES AND THEIR WOE 



1. As Organs of Transpiration. 

2. As Organs of Absorption. 

3. As Organs of Respiration-. 



OF all parts of the plant, the green leaves seem, or 
whole, to be the hardest worked. Their duties, indeec 
so many that I have resolved to spend our two rema: 

lessons in considering them in order, one by one. 

To me it is a labour of love, for the very look of 
leaves, waving in the sunshine, seems to bring a sool 
sensation of peace and health, and recalls invariably 
beautiful words: "And the leaves of the tree were fo: 
healing of the nations." 

That this is not a wholly imaginary feeling, you 
perhaps agree with me when we reach the end of 
lessons. 

Many trees and shrubs lose their leaves in the winti 
yon well know ; and in all cases the summer is by fa 1 
most busy season for these untiring little workers ; in 
many of their functions can only be properly fulfilled 
there is some warmth and sunshine. "We will arrange 
many duties under five different heads, and will conside 
green leaves first 

As Organs of Transpiration. 

"We have spoken of the rapid passage of the water 1 
up by the roots from cell to cell, throughout the ] 
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Supposing' there were no means of gHtm^ rid u f |] ie SU j )or _ 
fluous moisture, what would happen ? 

At certain times the plant would become ^ori^n] with 
water. The contents of the cells would thru ho so much 
diluted that they would be ;is thin as the liquid in the soil, 
and so no fresh food could conn 1 in by the process of osmosis. 
Things would be at a stands! ill in Mm plant, and such a, 
state of stagnation would be very dangerous in its HiV. 

The green leaves guard against this hy allowing the super- 
fluous water to evaporate, through the membranes of their 
cells, as they spread themselves out in Ihe warm sunshine. 
Thus the balance of things is restored ; the coll contents 
become thicker as the water is withdrawn, and u fresh 
current, containing fresh food, is established From the cells of 
the rootlets to those of the topmost leaves. 

Thus the leaves have a, duty something iil> that of our 
skin, which is one of the means by whieh superfluous moisture 
is removed from our system. 

You will now he able, to understand why we often see the 
leaves of a plant (lagging on a hot, dry day, or in a warm 
room. The thirsty air is drinking the water from the cells 
at their surface more rapidly than the fresh supply from the 
roots can be sent up to (ill the little cisterns, and so they 
get empty, and the plant droops. 

Plants intended by Nature. 1o live in hot, dry soils, such as 
sandy deserts, have thick succulent leaves, capable of retain- 
ing the water in the inner cells of their fleshy substance ; and 
the "skin" of their leaves is thicker than thai, of ordinary 
plants, and does not easily allow the moisture to escape, Th us 
Nature adapts her children to their surroundings. 

But the business of the leaves is not solely, or 'principally, 
to get rid of unwanted material. As we have seen before] 
they, as well as the roots, arc organs of absorption, and 
it is their duty to rake in raw material from the air, as the 
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closed at niglit. 

By these -little windows somo of the work of transpiration 
is effected, and it is to be noted that few 
or none are to be found in plants whose 
home is in the hot and arid desert. 

They are to be found in by far the 
greatest numbers on the under sides of 
leaves, these having generally thinner 
and more delicate coverings than the 
upper parts. 

Now, it is principally through these little windows that the 
gases and vapours, required for the plant's nourishment, are 
taken in from the air. 

You have not forgotten how the green leaves absorb the 
carbon in this manner, have you ? And, it seems to me that 
the best moment has come to stop and explain, as I promised 
to do in a former lesson, exactly what this kindly work is, 
which the leaves do for us when they drink in the carbon 
from the air, thus " purifying " it for our use. 

You are best acquainted with carbon as fuel, are you 
not ? Charcoal, coal, wood, all these contain much carbon, 
which makes them useful foi* burning in the fire. Now, this 
is just what carbon is required for in our bodies ; it is wanted 
as fuel. 
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" What is the fire that "burns this fuel ? " you ask. 

It is oxygen, the "good part of the air/ 3 as we have 
called it. 

When the oxygen in the air, which is taken in by our 
lungs, conies in contact with the carbon in the tissues and 
blood of our bodies, it mixes or combines with that carbon in 
a manner which has practically the same effect as burning 
it. Heat and force are produced, the tissues are destroyed, 
(you will here be reminded of our constant need of fresh 
food to make new tissue or substance), and a gas is produced 
which is the same as that produced by burning wood or coal 
in an ordinary fire. 

This gas has to be got rid of, and we breathe it out from 
our lungs continually. It is the carbonic acid gas of 
which I told you in that former lesson. 

ISTow you will perceive that, although this gas is a combina- 
tion of carbon and oxygen, neither of these elements is of 
any use to us if breathed in again in this form ; for the 
carbon has been already " burnt'*' by the oxygen, so to 
speak. That is to say, the two elements have met and 
combined, the resulting heat has been produced, and now 
they are of no more use to us as long as they remain com- 
bined thus. 

If we had to breathe pure carbonic acid gas we should 
instantly die, in spite of the oxygen contained in it, because 
the oxygen could not free itself from the carbon and come 
to consume the fuel of our tissues, thus producing the heat 
and force necessary to carry on our life. 

At this point the kind green leaves come to our help. 
i You cannot use that carbonic acid gas," they say, "give it 
to us." 

Welcome to it, indeed, dear leaves, but what can yon do 
with it ? 

" We will take it into our cells," say the leaves, " and, by 
the help of the blessed sunlight, we will separate those two 

G 
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elements which this gas contains. You shall have the 
oxygen which you need to maintain your life, and we will 
keep the carbon to build up our green bodies." 

Wonderful leaves, can you really do this ? What shoulc 
we do without your aid ? The carbonic acid gas would he 
constantly increasing, and we should be helpless to separate 
its elements, though dying for want of carbon as fuel, anc 
oxygen as fire, to maintain our life. This work of yours is j 
double blessing ; you store the carbon in your tissues for on: 
future use, and you free the life-giving oxygen for our imme 
diate needs.* 

But do you need no oxygen yourselves ? 
c < Oh yes. No life f can be maintained without oxygen 
besides which it is wanted, in certain quantities, for most c 
our manufactures. We shall keep a small portion of tha 
which we absorb from the air ; but this is not our only mean 
of obtaining it. Our little servants, the white roots, ai 
constantly drawing water for us out of the soil, and, whe 
it reaches us, we do with, it as we did with the carbonic aci 
gas. We take it into our cells and expose it to the blesse 
sunshine, and, by its help, we separate the little molecules < 
water into their elements, oxygen and hydrogen. Thus ^ 
have plenty of oxygen ; and as to the hydrogen, we mix 
(or, as your chemists $ say, ' combine it chemically ') with tl 
carbon and make some wonderful substances out of the con 
Urination. But this belongs properly to our manufacturii 
business, and you have not come to that yet." 

No, dear leaves, we must first ask a few more questioi 
about the oxygen, and why you absorb it. 

* Water plants have a similar purifying effect on water, by abstract! 
the carbonic acid it may contain, and freeing the oxygen. 
|| t Generally speaking ; though there may be some exceptional cases 
* microbes existing without it. 

J The technical meaning of the word "chemist" should be explain* 
lest the children think we are speaking of a purveyor of drugs. 
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And this brings us, children, to the consideration of leaves 
as organs of respiration, or breathing. 

All daylong the green leaves are occupied, as we have seen, 
in withdrawing the carbonic acid gas from the air, and 
separating it up into its elements. But, for this process, two 
things are necessary, namely, light and chlorophyll 
(which you know is the green colouring matter of the leaws). 
How, then, about the night time, and how about the parts oL' 
the plant which are not green ? Is the green, world, kilo all 
night, and have those parts of the plant which are not green 
no work to do ? 

. Nay. All Life's children have their work for each . liuur uf 
their lives, though it may be different at did'erent 1 lines. 

When night falls, the cells which absorb and split, up Mio 
carbonic acid must rest from that good work; and now they 
truly breathe more like animals. In fact they take in 
oxygen, and give out a small quantity (though not nearly 
as much as they absorb during the day) of carbonic acid 

gas-* _ \ 

What do they want with this oxygen ? The factories aru 
not working at night, so it cannot be needed for combination 
with other elements to form food substances. 

What do we want oxygen for? Yon remember if- is I In* 

* This true "respiration" of plants is supposed by some to goon all day 
as well as at night, and in the green parts, as wall us in those not, so 
coloured, simultaneously with the other process of absorption of carbonic 
acid gas and liberation of the oxygen ; the chlorophyll, in the case of the 
green portions, having the power to regulate and balance these two pro- 
cesses, the former of which produces heat and force at the expense of 
tissue, whilst the latter provides the material for the repairing of UH- 
tissues, and for their growth. According to this view, plants broatho at 
all times as we do (though more feebly, owing to their stationary and l<;,ss 
active life), and feed during the day upon the carbon which they obtain 
by the disintegration of carbonic acid and consequent liberation of oxygen. 

It has been thought better, however, in these lessons to avoid all refer- 
ence to difficult or doubtful points, in order not to confuse the children's 
ideas ; consequently this question is not touched upon hern. 
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great means of maintaining tlie heat of the body, by 
"burning" up the "internal fuel," as we called it. 

Well, there is no life without some heat, and though 
perhaps you never realised that the body of a plant had any 
warmth, yet so it is ; and the oxygen is required for exactly 
the same purpose as with us namely, to keep up that degree 
of warmth which is necessary for the maintenance of the life. 
Plants, however, require much less oxygen to support their 
cool and quiet lives than we do for our more active 
existence ; and, as we have seen, they require a large supply 
of carbon, which they are busy gathering from the air and 
storing up all day long. 

Note that oxygen is required for the production of heat 
and/orcc; carton for the build-ing iip of the tissues and 
for growth. We shall expect, then, that where a special 
effort has to be made by the plant, more oxygen will be 
required ; and thus you will not be surprised to hear that, 
during the germination of seeds, and the flowering 1 and 
fruiting 1 of plants, oxygen is taken in, in considerable 
*; quantities, and carbonic acid given out. In fact, germinating 
' j seeds, flowers, and ripening fruits breathe as we do, and 
; j actually give out heat, which may be tested by a thermometer. 
I have myself tried the experiment with the flower of an 
oleander, in my room, by holding a common thermometer in 
such a way that the bulb touched the centre of the flower, 
taking precautions, at the same time, that neither my warm 
hand, nor the sunshine, nor any other cause should influence 
the quicksilver. In a few minutes a rise of more than a degree 
was recorded. Very much greater rises of temperature than 
this, however, have been observed to be produced by the 
flowering of certain plants. 

You see from all I have told you, that it is only the green <~ 
parts of the plant which have a purifying effect upon the [ 
air, and these only in the day-time. Flowers, and all parts 
not coloured green, take in oxygen as we do, and give out /' 
carbonic acid (though in smaller quantities than is the case *' 
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that wo have to thank the great winds of God, which sweep 
across to us from warmer climes, where the sun shines, out of 
a cloudless blue, upon a luxuriant wealth of foliage, and an 
inexhaustible supply of oxygen is ceaselessly being rendered 
up to the glowing air from the myriads of dancing leaves. 

These same winds bear away our excess of carbonic acid to 
.feed the hungry vegetation of tropical lands, and so the balance 
of things is maintained. 

We must close our lesson here ; but I think you will be 
disposed to agree that, after all, I ani not too fanciful in my 
belief that the loaves of our summer-clad trees bring health 
and refreshment, and that indeed " the leaves of the trees are 
for the healing of the nations." 

SUGGESTION TO THE TEACHER. 

The children might make experiments to test the amount of oxygen 
given out by different parts of a plant, thus : 

Let them take a bowl of fresh spring water, and immerse in it the 
green leaf, root, stem, flower, or whatever part is to be tested, so that it is 
completely covered by the water. 

Now let the b'owl be exposed to sunlight. If, after a. time, a stream of 
little bubbles rises to the surface, these bubbles will be pure oxygen, pro- 
duced by the decomposition of the carbonic acid contained in the writer. 

The experiment should then be tried of removing the bowl into the 
shade, and observing whether the bubbles still continue to rise. The 
result of the observations made should be brought in writing. 

N.B. These experiments are far more likely to be successfully made if 
water-plants are used. If leaves of land-plants are employed they should 
be soaked for a day before the experiment is tried. 




LESSON XIII. 

THE G-REEW LEAVES AND THEIR WORKS 
(continued). 

4. As Organs of Manufacture. 

5. As Organs of Digestion. 

As Organs of Manufacture. We have arrived at onr 
last lesson, children, and we are to spend it, not unprofitably, 
as I hope, in the consideration of the works of the dear, busy, 
friendly, green leaves. 

I want to take you with me to the '' green factories " once 
again. You will not fear lest you may be deafened with the 
noise, or covered with dust : yon know Nature's quiet ways of 
doing her great works by this time. 

See ! the raw materials are being brought, by many and 
various channels, to the great manufactory. Through cell 
and vessel, along ways and byways, through those little open 
mouths, the stoniata, or permeating the delicate membranes 
of the surface cells the supply is constantly arriving. It is 
not food ready for use, remember, it is only the elements of 
plant-fcod. And now we are at the threshold of the " green 
factories" where it is prepared. Nowadays, in this adver- 
tising age, when every manufacturer vies with his rival as to 
which can produce the most striking and startling "attention- 
fixer," and when nothing can succeed, apparently, until the 
public have learnt to know its name to weariness, nowadays 
every manufacture of the smallest importance must have its 
ingenious and elaborate advertisement. So man thinks and 
so he acts. 
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But Nature never advertises Lei-self ; and, if we want to 
know what she is doing-, we must take the trouble to ;/o and sc.c. 
Here, however, I think, for your benefit, we will put np 
one advertisement over thr> door of the "green factories"- 
and let us write it in very big letters so that'we may feel that 
it is very important, and always to be remembered. 
Here it is : 

CELLS provided with CHLOROPHYLL are 
the ONLY AGENTS for the 
manufacture of food from 
raw material. 

That " Only Agents " looks very 
business-like, does it not? It is 
rather a favourite expression in 
ordinary advertisements, but in 
this case it is no false pretension, 
but a matter of real fact. 

Every part of the plant which is 
nob coloured green must depend 
entirely for its food-supply on the 
cells containing those minute atoms 
of colouring matter called chloro- 
phyll ; and every plant which has 
no such cells the mushroom and 

toadstool, for instance must live on food which has been 
prepared originally by such cells decayed animal or vege- 
table matter, for instance. In fact, all cells not containing 
chlorophyll are dependent on those that have it. 

We human beings, of course, are entirely dependent on 
those green, leaves with their atoms of chlorophyll. 

What! You do not like this dependence of one upon 
another ? You want to be free and independent, and to owe 
nothing to any one ? Then you want to go back to the very 
lowest step in the scale of life, and to take your place 
amongst those comparatively independent little cells, each 




CiiKfiitti firnijimi (Groulor 
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of which. " does everything," and can exist without aid from 
its neighbours. No. Let us follow wise, kind Nature, who 
teaches us that co-operation is the law of the higher life, and 
that it is by combining one with another, and interchanging 
services, that we must rise. 

The flower must depend on the leaf for its food, and the 
leaf must depend on the flower for the reproduction of its 
kind ; let each do his part faithfully, each being in turn the 
servant of his neighbour, and served by him. 
But come back to the factories with me. 
At night they will be closed ; when the light fails, those 
busy cells will rest from their labour of preparing the food. 
Then will be the time to use up what has been made, and 
the growth of the plant will go on more rapidly than when 
its energies are employed in gathering and preparing the 
material for its sustenance. You may notice this specially 
in little seedlings, after the first provision of nature for 
them, in the seed, has been used up. Life is a struggle for 
them ; all day long they are really too busy, collecting and 
cooking their food, to think about growing. But when night 
comes, and they must, perforce, rest from that labour, then, 
how they seem to shoot up in a few hours ! 

You hear people talk of " growing weather" ; what sort of 
weather is that ? 

"When the sun is veiled, and the light is dulled, and 
softened ; when the atmosphere is warm and moist, then the 
energy of work in the " green factories " is slackened, and 
the plant is wooed and encouraged by the balmy air to put 
forth its strength in growth. Then every little cell draws 
in the nourishment prepared for it, and grows, and divides, 
and multiplies ; and the plant spreads and increases apace, 
for " it is very growing weather," we say. 

At night in warm weather at least this process is 
always going on, more or less, and, in consequence, the 
food prepared in the day is partly consumed during the 



Do not think that I can Mzpltiin all that is going on here, 
although I know that the little molecules of chlorophyll and 
protoplasm are doing a marvellous work; that, by tlie aid of the 
sunlight, they are breaking up carbonic acid gas and water 
into their elements, and then combining' the elements again 
(after setting free such portions as they do not require) in 
new and wonderful ways, which, will render them fit for cm- 
use and that of animals. 

Often and often have our chemists tried to imitate the 
marvellous processes which are going on in these factories. 
To some extent, after much patience and perseverance, they 
have succeeded ; a few of the substances made here have 
really been imitated by man. Yet there is much very 
much which entirely baffles the cleverest intellect ; and our 
men of science are still in doubt, and still disputing as to 
liow the work is done in all its details. ' 

I need not repeat our list of substances manufactured 
here, need I? You do not forget the starch, the sugar, 
the oil, and all the other substances we mentioned in 
Lesson VI. ? 

When you and I, or some animal, feed upon these foods, 
prepared for us here, what will be the result ? 

They will be "burnt" in. our body to produce force and 
energy, will they not ? 

Then these quiet green plants are really the source the 
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deep wells, so to speak of all the energy and activity, all 
the life and movement of this busy earth. 

That thought makes one pause, in a kind 'of solemn 
wonder, at the marvellous chain of life which, links every 
mighty action and every heroic deed with the humble " green 
things upon the earth." Truly, as the well-springs of energy, 
they may, in those very noble deeds for which they supplied 
the power, be said to " bless the Lord, praise Him and 
magnify Him for ever." 

But it is time for us to turn our thoughts to one more 
and the last for our consideration work of the green 
leaves. 

As we turn from the " green factories " look up once 
more at our advertisement, and remember the great import- 
ance of those particles of green colouring matter. 

If you see the leaves of your plants looking pale and 
yellow, be sure that, not only is it a sign of unhealthiness 
in the plant, but also it means that the power of manu- 
facturing food is failing ; and, unless you can find out and 
remedy the evil, the poor plant is in danger of dying of 
starvation. 

Perhaps you have put it in too shady a place, or perhaps 
you have watered it too much or too little ; whatever is the 
cause, the pale leaves are as much a sign of illness as pale 
cheeks would be with you. 

We turn now to the office of leaves 

As organs of digestion. 

The starch, we will say, has been prepared in the 
leaves. 

If we examine the cells under the microscope, we shall see 
that they contain minute grains of starch imbedded in the 
protoplasm. Now, these grains of starch are not wanted here. 
Starch, you know, is " storage food," and not fitted or intended 
to be immediately absorbed by the plant ; and it certainly 
must not remain in the factory, where it would be very 
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inch in live way. Some of it is wanted at once to supply 
le needs of the growing portions of the plant; and the 
miainder must be convoyed to the. storehouses, wherever 
ley may be, to bo laid by there, for future use. jHut how is 
to travel? for you know wol! by this time that no solid 
;om can pass from cell to cell, and tho grains of .starch 
hich each cell has manufactured are solid particles, though 

* ' ' iT3 ' 

^finitely small 

The difficulty is overcome by the. presence in the cells of a 
ibstance, formed in the protoplasm, called diastase, which 
is tlio power, under certain circumstances and conditions, 
' changing tho i-nwhtl)lr. .s/rm-A into a xuhrtilc. linil nf xw/ar,- 
illed "glucose," or grape-sugar.* 

Of what does this remind you, children? 

It recalls the digestion ol; starch, in our mouths, by the 
operties of the saliva, which, convert it into sugar. And 
lat is exactly what tho diastase in tho leaves is doing. It 

digesting: tho starch (melting it up), and so rendering 

capable of travelling from cell to cell, till it reaches the 
owing points where it is required for immediate use. 

.Do you remember that, in. Lesson VI., I referred to this 
me digesting power in the little embryo pea or bean, 
id explained how, by this moans, it (and all other germin- 
ing embryos) were able to convert whatever store of starch 
iglit have been laid up for them, in the seed, into a soluble 
gar ? 

This process of digestion must go on wherever food is 
id by, in store (for instance in all succulent roots, bulbs, 
.bers, etc.), before the nourishment is available for the use 
' the growing plant. 

The unselfish leaves, however, do not perform this act of 
gestion for their own benefit, but merely as a means of 
nveying the food which they have manufactured to its 
jstination. When it is to go to a point where growth is 
* It is first converted into dextrose, then into glucose. 
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proceeding quickly, of course it is used up immediately on its 
arrival, and there is no question of storage. 

But supposing it is to be sent to one of the storehouses, 
to be put by as reserve-food, what then happens when it 
reaches the end of its journey ? It is in a state of solution, 
and it cannot be stored away thus. 

There is nothing for it but to turn it back into starch 
again. This work is performed by some cells containing 
little granules of protoplasm, which exactly resemble those 
granules in the leaf-cells which first manufactured the 
starch, only that, in this case, they contain no chloro- 
phyll. You see their duty is simply to " put the starch 
together again," not to make it out of the elements. 

Conjurers who profess to be able to pass a teacup through 
a wall, are usually regarded as having performed the miracle 
(in appearance) by clever sleight of hand; but here is Nature 
performing, in actual fact, the marvel of passing a solid 
body like starch through many walls, one after another, and 
finally presenting it as solid starch again at the end of its 
travels. 

This work of digestion is the last of those five activities of 
the green leaves, of which we had to speak. We have seen 
them (i) relieving the. plant of Us s-iqwrjluous moisture, and 
thus encouraging the process 'of osmosis, which brings fresh 
supplies of food to every cell; we have seen them (2) 
absorbing from the air vapours and yaseti, and reducing the 
hurtful carbonic acid gas to its useful elements, thus purift/- 
iny our atmosphere. ; we have watched them (3) Ireuthiwj for 
the plant, to maintain its necessary degree of warmth ; we 
have observed them (4) wuMiufiwiurinr/ food for the plant and 
for ourselves in their quiet factories ; and, lastly, we have 
seen them (5) diycstiny and dixtribiitiny t/t,e 'iiMn-u/adnrcd 
" food to its various destinations. 

Do they not seem to you perfect types of unselfish, un- 
tiriug workers for others ? and will yon. not love and vevo.r- 
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ence the dear green leaves, and tend them carefully, if you 
have plant's of your own ? 

We have come to the end of our course of lessons, children, 
but I hope you are far from being at the end of Nature's 
lessons. Let me point you to her as your teacher. 

I can wish for you no tiring better than to listen to her all 
your days, reverently, /mmJtly, and lovingly ; remembering 
always that her voice 1 - is the Voice, of Him in whom we live 
and move and have our being ; and that, however deceptive 
appearances may be, she can never be at variance with His 
true teachings and revelations, for He is in truth the God of 
Nature, and she is the expression of His Thought, thus made 
manifest to our senses. 



SUGGESTION TO THE TEACHER. 

Let the children .search for plants which have no green coloured parts, 
and try to ascertain how iliey are living. 

In many cases only fungi will be discovered, but a quick-eyed child may 
come acro.ss a parasitic plant, .such as one o the dodders ; or an autumn 
crocus, fed by the nourishment laid up in its corm by its now withered 
leaves. 
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41, 89, 107; of starch by the 
plant, 42, 44, 106, 107 ; of 11 us 
by sundew, 55 ; of sugar in the 
stomach, 89 ; of solid matter 
by acid juice of root, 89, 91 ; 
leaves as organs of, 106-108 

Division of cells, 83, 84 

Dodder, 103, 109 

-Dravera, 54 

Duckweed, 78 

Dyes, 46 



E 

EGGJ compared with a seed, 8 
Elements, 67 ; of starch, 42, 76 ; of 
sugar, 43, 67, 76 ; of protoplasm, 
68-74 j ^ water, 70 ; of em- 
bodies, 73 ; of cellulose, 75, 76 ; 
of salt, 87 ; of plant-food, 102 



Embryo, of buttercup, 10 ; of wall 
flower, 12; of maple, 13 ; varieties 
of) 1 S 5 germination of, 16 

Energy, plants well-springs of, 106 ; 
food burnt to produce, 105 

Evaporation from leaf-cells, 95 



F 

FACTORIES, man's, 31 ; shut at 
night, 32, 99, 104 ; of nature, 32, 
102-106 

Fermentation, 88 

Fibre, of flax and hemp, So ; of 
plantain leaf, 81, 82 ; in vessels, 
81, 82 

Fire of our life, 2, 97 

Flowers of daisy, 59, 60 ; oxygen 
absorbed by, 73, 100 ; of duck- 
weed, 78 ; heat given out by, 100 

Food of plants, in solution, 29, 87, 
88 ; mineral, 86, 87 ; manufac- 
tured by cells with chlorophyll, 
103 ; conveyed in solution to 
storage places, 107, 108 

Fungi, 25, 103, 109 



G 

G-BEMINATJON, 1 6 ; of wallflower, 
12 ; requisites for, 16 ; of pea, 17 ; 
oxygen taken in during, 100 

Germinating seeds, sweet, 44 

Glucose, 43, 107 

Growing weather, 104 

Growth, a sign of life, 2 ; goes oil 
principally at night, 32, 104 ; 
movements connected with, 
49-51; of plant by division of 
cells, 83, 84 

Gum, 45, 76 

Gutta percha, 46 
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H 

HONEYCOMB, cells in, 61 
Hop, movements in shoot of, 50 
Hydrogen, an element of starch, 42 ; 
an element of protoplasm, 70 ; 
an element of water, 70 ; an 
element of nitric acid, 71 ; ab- 
sorbed by roots and leaves, 73, 
98 ; combined with carbon, 98 



INDIA rubber, 46 
Iron, 87 



LEAVES, compared (i) to kitchen, 
(2) to stomach, 27 ; modified, 
20, 21 ; stomata in, 28, 38, 96 ; 
purifying work of, 37, 96-98, 
100, 101 ; absorption of carbon 
by, 37, 3 8 > 73) 96-9*> 5 skeleton, 
79; recipe for making skeleton, 
84 ; organs of transpiration, 94, 
95 ; succulent, 95 ; organs of 
absorption, 95-98; organs of 
respiration. 99, 100; organs of 
manufacture, 102-106 ; organs of 
digestion, 106-108 

Lenana minor, 78 

Life and its signs, i ; first appear- 
ing in protoplasm, 64, 67 ; organ- 
ising power of, 73 ; none without 
oxygen, 98 ; none without heat, 
100 

Light necessary for manufacturing 
process, 32, 99, 104 ; influence 
on growing parts of plants, 51 ; 
effect of its withdrawal on 
ilowers, 56 

Lime, 87 



M 

MAGNESIA, 87 

Malt, 44, 45 

Maple seed and embryo, 13 

Medicines obtained from, plants, 39, 

40 

Membranes, composing the cell- 
walls, 63, 77, 89-91, 102 
Mimosa pudica, 53 
Mineral food of plants, 86, 87 
Motion a sign of life, 4 ; reflex and 

voluntary, 5, 6, 49 
Mould plant, 25, 26, 27 
Movements in plants, 48-57 
Multiplication of cells by division, 
83, 84, 104 ; in the yeast-plant, 



N 

NERVOUS system in plants, 49 

Nitric acid, 71 

Nitrogen, an element of protoplasm, 
71 ; in the air, 71 ; combined 
with hydrogen, 71; in vege- 
tables, 72 ; absorbed by roots, 74 ; 
not to be found in cell- walls, 76 

Nuclei, 65 

Nutrition, organs of, 27, 28 





OIL, 45, 46 ; in cells, 66 

Organs, of the body, 22, 24 ; wanting 
in lowest forms of life, 24; of 
nutrition, 27, 28 ; of absorption, 
28, 85, 95-98; of assimilation, 
28, 85 ; of transpiration, 94, 95 ; 
of respiration, 99, 100 ; of 
manufacture, 102-106 ; of diges- 
tion, 106-108 

Orchis, 33, 34 

Osmosis, 90-93, 95, 108 
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Ovule, 20 

Osalis leaves sleeping, 56 

Oxygen an element of carbonic acid 
gas, 36 ; an element of starch, 
42 ; an element of protoplasm, 
69 ; burning of the tissues by, 
69, 97 ; an element of water, 
70 ; forms one half of crust of 
earth, 70 ; absorbed by roots, 
leaves, and flowers, 73, 98-100; 
required for manufacturing pro- 
cess in leaves, 98 ; no life with- 
out, 98; required to maintain 
heat, loo ; brought by winds 
from the tropics, 101 



PALENESS, a sign of unhealthiness 

in plants, 106 
Pea, germinating, 17 ; movements 

of shoot of, 49, 50 
Perisperm, 10 

Phosphorus, an element of proto- 
plasm, 72 ; absorbed by roots, 74 
Pistil, 21 
Pitch, 46 
Plantain, Si 
Plumule, iS, 44 
Poisonous plants, 39 
Pollen, 21 
Pores of the skin, 2 
Potash, 87 

Primordial utricle, 77 
Protoplasm, the basis of life, 64, 66 ; 
work of the, 65, 66, 73-84, 105, 
1 08 ; animal, 65, 76 ; meaning 
of word, 67 ; elements of, 67-74 ; 
never imitated, 68 



QUAKTZ, 87 



E 

RADICLE, 16; sensitiveness of, 51, 

5 2 

Reflex movements, 5, 6, 49 

Re-integration of starch, 108 

Reproduction, 19, 20, 104 

Respiration, 99, 100 

Revolutions in growing shoots, 50 ; 
in radicle, 51 

Rings in vessels, Si, 82 

Root, cap to protect, 17, 51 ; com- 
pared to (i) back door, (2) to 
mouth, 27 ; sensitiveness of, 52 ; 
absorption of elements of food 
by, 73, 74 ; acid juice given out 
by, 87, 91 

Rootstock of the daisy, 60; cells 
in, 61 



S 

SALT, a necessary of life, 86, 87 
Saltpetre, 71 
Sal volatile, 71 
Sap, 75. 91-93 
Sarcode, 65 
Scale of being, 22-26 
Seed, 8-15 ; compared with an egg, 
8 ; of buttercup, 9 ; of bean, 10 ; 
of walliiower, n, 12 ; of maple, 
12, 13 ; albuminous, 14 ; exalbu- 
minous, 14 ; 3 types of, 14, 15 ; 
store of food in, 20 
Sensitive plant, 53 
Sensitiveness to touch in tips of 

shoots, 50 ; in radicle, 51 
Silica, 87 
tikin, duties of our, 95 ; of leaves, 

95 

Sleep of plants, 56 
Soda, 87 
Sodium, 87 
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Solution, plant-food in, 29, 63, 85, 

87, 88, 107 
Spongioles, 89 
Stagnation, dangerous, 95 
Stamens, 21 
Starch, 41 ; elements of, 42, 76 ; as 

storage food, 41, 42, 44, 106- 

108 ; digestion of, 41, 42, 44, 89, 

106, 107 ; in cells, 66, 106 ; in 

leaves, 105 
Stem compared to (i) passage, (2) 

to throat, 27 
Stomata, 28, 38, 96, 102 
Storerooms of plants, n, 19, 20, 33, 

34 
Sugar, 43-45 ; elements of, 43, 76 ; 

glucose or grape, 43, 45, 107 
Sulphur, an element of protoplasm, 

72 ; absorbed by roots, 74 
Sun, attraction of flowers towards, 

57 

Sundew, 54, 55 
Suspension of substances in liquids, 

29 ; of dust in air, 30 



TAB, 46 

Temperature of germinating seeds, 

ilowers, and ripening fruits, 100 
Tissues renewed continually, 3 ; 

composed of cells, 61,62; through 



which the sap passes, 92 ; burnt 

by oxygen, 69, 97 
Transmutations of matter, 34, 35 
Transpiration, organs of, 94, 95 
Trolliuts, with abnormal leaves, 21 
Turpentine, 46 



U 

UTRICL is, primordial, 77 



V 

VACUOLES, 75 

Veins of leaves, so-called, 79 

Vessels, 82, 92, 102 ; use of, 83 

w 

WALLFLOWKR seed germinating, 12 
Waste of tissues, 2, 3, 69, 97 
Water, in the air, 29 ; under differ- 
ing forms, 34, 35 ; elements of, 
7o ; absorption of, by roots and 
leaves, 73 , evaporation of, from 
leaf-cells, 95 
Wood-cells, So, Si, 83 
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YEAST-PLANT, 8S 
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Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles W hum per. 7s. 6cl. 

STUDIES I|l BIBD4JFE: 

SKETCHES OF BEITISH BIRDS IN THEIR HAUNTS. 

BY CHARLES DIXON. 

The Spacious Air. The Open Fields and Downs. In the Hedgerows. On 
Open Heath and Moor. On the Mountains. Amongst the Evergreens. 
Copse and Woodland. By Stream and Pool. The Sandy Wastes and Mud- 
flats. Sea-laved Hocks. Birds of the Cities. INDEX. 

"Enriched with excellent illustrations. A welcome addition to all libraries." Wist- 
mimter Review. 

LONDON; CHARLES GRIFFIN & CO., LIMITED. EXETER STREET. BTRAluT 



EDUCATIONAL WORKS. 



THIRD EDITION, Revised and Enlarged. Large Crown 8vo, with numerous 
Illustrations. 33. 6d. 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES, 
As Illustrating the First Principles of Botany. 

BY J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Prof, of Biolocrv, University College, Aberystwyth ; Examiner in Zoology, 
University of Aberdeen. 

" It would be hard to find a Text-book which would tetter guide the student to an accurate 
knowledge of modern discoveries in Botany. . . . The SCIENTIFIC ACCURACY of statement, 
and the concise exposition of FIRST PRINCIPLES make it valuable for educational purposes. In 
the chapter on the Physiology of Flowers, an admirable r6sutti, drawn from Darwin, Hermann 
Miiller, Kerner, and Lubbock, of what is known of the Fertilization of Flowers, is given." 
Journal of Botany. 



POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBB, 

With Illustrations. Crown 8vo. Cloth. 2s. Cd. 

HOW PLANTS LIVE AND WORK: 

A Simple Introduction to Real Life in the Plant-world, Based on Lessons 
originally given to Country Children. 

BY ELEANOR HUGHES-GIBB. 

V The attention of all interested h) the Scientific Training of the Young is requested to this 
BBLIOHTKUIIT PKKSH and CHARMING MTTLB BOOK. It ought to be in the hands of every Mother 
anil TBiichor throughout tho land. 

"The child's attention is first secured, and then, in language SIMPLE, YET BCiENfiFiCAJuLT 
AOCoaATB,tho first lossoiis in plant-life arc set before it." Natural Science. 

"In every way well eiiluulntnd to rmike the study of Botany ATTHACTIVB to the young. 
Scottman 



With Illustrations. Crown Svo. Gilt, 2s. 6d. 

THE MAKING OF A DAISY-, 

" WHEAT OUT OF LILIES;" 

And other Studies from the Plant World. 

A Popular Introduction to Botany. 
BY ELEANOR HUGHES-GIBB, 

Author of Hmv Plants Live and Work. 

" A. BUIGHT little introduction to the study of Flowers." Journal of Botany. 
" The book will afford roal assistance to those who can derive pleasure from tiie study or 
Nature in tuo open, . . . The literary stylo is commendable." Knowledge. 



lO'NDM: CHAhlES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



GENERAL PUBLICATIONS. 

SECOND EDITION. Medium 8vo, Handsome Cloth. 2U. 

Including all the Newer Developments In Photographic Methods, 

together with Special Articles on Radiography (the X-Rays), 

Colour Photography, and many New Plates. 

PHOTOGRAPHY: 

ITS HISTORY, PROCESSES, APPARATUS, AND MATERIALS. 



.A. 

Comprising 1 Working Details of all the More 
Important Methods. 

BY A. BROTHERS, F.R.A.S. 

WITH NUMEROUS FULL-PAGE PLATES BY MANY OF THE PRO- 
CESSES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT. 

" A standard work on Photography brought quite up-to-date." Photography. 
" A highly informative book. . . . We can cordially recommend the volume as a 
worthy addition to any library." Britisli Journal of Photography. 
"The illustrations are of great beauty." Scotsman. 



SKOOKD EDITIOS. With very Numerous lEustrations. Handsome Cloth, 6s. 
Also Presentation Edition, G-ilt and Gilt Edges, 7s. 6d. 

THE THRESHOLD OF SCIENCE: 

Over 400 Simple and Amusing Experiments in 
Chemistry and Physics. 

BY 0. K ALDER WRIGHT, D. So., F. R. S., 

Late Lecturer on Chemistry, St. Mary's Hospital Medical School. 

" Well adapted to become the TREASUKED FRIEND of many a bright and 
promising lad. " Manchester Examiner. 



CHEMICAL RECREATIONS : A Popular Manual of Experi- 
mental Chemistry. With 540 Engravings of Apparatus. By JOHN 
JOSEPH GRIFFIN, F.C.S. TENTH EDITION. Separately Part I., 
Elementary, a/-; Tart II., The Chemistry of the Non-Metallic 
Elements, 10/6 ; or complete in one volume, 12/6. 



GILMER'S INTEREST TABLES. By ROBERT GILMER. Corrected and 
Enlarged. Seventeenth Edition. lanio. Cloth, 55. 

THE ONLY AUTHORISED EDITIONS OF THE WORKS OF WILLIAM GOBBETT. 
COBBETT (William) : COTTAGE ECONOMY. Eighteenth Edition, revised 
by the Author's Son. F'cap 8vo. Cloth, ss. 6d. 

FRENCH GRAMMAR. Fifteenth Edition. F'cap 8vo. Cloth, 35. 6d. 

A LEGACY TO LABOURERS. New Edition. F'cap 8vo. Cloth, is. 6d. 

A LEGACY TO PARSONS. New Edition. F'cap. 8vo. Cloth, is. 6d. 

LONDON: CHARLES GRIFFIN & CO.,~LIMITED, EXETER STREET. STRAND. 



EDUCATIONAL WORKS. 



THIRD EDITION, Revised, Enlarged, and Re-issued. Price 6s. net. 
A SHORT MANUAL OF 

INORGANIC CHEMISTRY, 

BY A. DUPRE, Ph.D., F.R.S., 
AND WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School. 

"AN EXAMPLE OF THE ADVANTAGES OF THE SYSTEMATIC TREATMENT of a Science 

over the fragmentary style so generally followed- Bv A LONG WAY THB BEST of the small 
Manuals for Students. r Analyst. 

In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net. 

THE ELEMENTS OF CHEMICAL ENG1NEER9NO. 

BY J. G-ROSSMANN, M.A., PH.D., F.I.C. 

WITH A 1'HEFACE B\' 

Sni WILLIAM RAMSAY, K.C.B., F.R.S. 

CONTENTS. The JJcaker and its Technical Equivalents. Distilling Flasks, Liebig's 
Condensers. I'raetionatiug Tubes and their Technical Equivalents. The Air-Bath and 
ts Technical Equivalents. The Blowpipe and Crucible and their Technical Equivalents. 
The Steam Boiler and other Sources of Power. General Remarks on the Application 
of Heat in Chemical Engineering. The Funnel and its Technical Equivalents. The 
Mortar and its Technical Equivalents. Measuring Instruments and their Technical 
Equivalents. Materials Used in Chemical Engineering and their Mode of Application. 
Technical Research and the Designing of Plant. Conclusion. Chemicals and Materials. 

INDBX. 

"Excellent. . . . Every student of chemistry attending a technical course should 
obtain a copy." Chemical Jfewg. 



LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metallurgy in the Glasgow and. West of Scotland Technical College. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THE USE OF STUDENTS. 

With Illustrations. FOUBTH EDITION. Crown 8vo, Cloth, 3a. 
" A COMPACT LABOKATOKY GUIDE for beginners was wanted, and the want has- 
been WELL SUPPLIED. ... A good and useful book." Lancet. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THE USE OF STUDENTS. 

With Illustrations. FOURTH EDITION, Revised. Crown 8vo, Cloth, 3s. 6eU 
" The work of a thoroughly practical chemist." British Medical Journal. 
" Compiled with peat care, and will supply a want." -Journal of Education. 

ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. 

[See p. 66 General Catalogue* 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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WORKS BY 

ANDREW JAMIESON, M.lNST.C.K, M.I.E.E., F.R.S.E., 

Formerly Professor of Electrical Engineering, The Glas. and W. of Scot. Tech. Coll. 

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS, 

In Large Crown 8vo. Fully Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 Illustrations, II Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. FIFTEENTH EDITION, Revised. los. 6d. 
" The BEST BOOK yet published for the use of Students." Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst. C.E. Exams, in (l) Applied Mechanics; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures; 
(ii) Theory of Machines; Hydraulics. Also B. of E. ; C. and G. Questions. 
Vol. I. Comprising 568 pages, 300 Illustrations, and Questions : 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. FIFTH EDITION. 8s. 6d. 
" FULLY MAINTAINS the reputation of the Author." Pract. Engineer, 

Vol. II. Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. FIFTH EDITION. 123. 6d. 
"WELL AND LUCIDLY WRITTEN." The Engineer. 

* 4 * Each of the above volumes is complete in itself, and sold Separately. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown 8vo. With Illustrations and Examination Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. ELEVENTH EDITION, Revised and Enlarged. 3/6. 
1 ' Should be in the hands of EVERY engineering apprentice." Practical Engineer. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First-Year Students. With Stud. Inst.C. E. and B. of E. 
Exam. Questions. SEVENTH EDITION, Revised and Enlarged. 3/6. 
" A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and clear." Nature. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 

Questions. SEVENTH EDITION, Revised and Greatly Enlarged. 3/6. 
"'$t" The work has VERY HIGH QUALITIES, which may be condensed into the one word 
'.CLEAR.' " Science and Art. 

A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By JOHN MUNRO, C.E., 
and Prof. JAMIESON. Pocket Size. Leather, 8s. 6d. EIGHTEENTH 
EDITION. [See p. 48 General Catalogue. 

LONDON : CHARLES GRIFFIN & GO, LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTIC/SERIES, 

EDITED BY BDW. BLAQRE, 

Master Mariner, First Class Trinity House Certi. SB oe. Inst. N.A. ; 
AND WRITTEN, MAINLY, by SAILORIJLORS. 

"THIS ADMIRABLE SERIES." Fairplay. "A VEJJUL SERIES." -Nature. 
"EVERY SHIP should have the WHOLE SERIES as SIENCE LIBRARY. HAND- 
SOMELY BOUND, CLEARLY PRINTED and ILLUSTRATED." j)l Journ. of Commerce. 

The British Mercantile Marine : AH Hisi Sketch of its Rise 

and Development. By the EDITOR, CAPT. BLACKMOI, 6d. 

" Captain Blackmore s SPLENDID BOOK . . . conHragraphs on every poini 
ol Interest to the -Merchant Marine. The 243 pages of \ok are THE MOST VALU- 
ABLE to the sea captain that have EVER been COMPILED, "ihant Service Review* 

Elementary Seamanship. By D. WILSON-.BR, Master Mariner, 
F.R.S.E., F.R.G.S. With numerous Plates, two iours, and Frontispiece. 
FOURTH EDITION, Thoroughly Revised. With addibi'lustrations. 6s. ( 
"This ADMIRABLE MANUAL, by CAPT. WILSON BARK the ' Worcester, seems 

to us PERFECTLY DESIGNED." Athenaeum. 



YOUr Own Ship : A Simple Expianatf the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By THi'ALTON, Naval Architect. 
NINTH EDITION. 7s. 6d. 
"MR. WALTON'S book will be found VERY USEFUL." 'Jti 



Navigation : Theoretical and Practical. D. WILSON-BAEKBR 

and WILLIAM ALLINGHAM. SECOND EDITION, Revised. 6d. 
"PRECISELY the kind of work required for the Nevtittcates of competency. 
Candidates will flud it INVALUABLE." Dundee. Advertise 

Marine Meteorology : For Officers of the -reliant Navy. By 
WILLIAM ALLINGHAM, First Class Honours, Navigation.nce and Art Department. 
With Illustrations and Maps, and facsimile reprodue of log page. 7s. 6d. 
" Quite the BEST PUBLICATION on this subject." ShippZazette. 

Latitude and Longitude : How to flnd thei By W. J. MILLAR, 

C.E. SECOND EDITION, Revised. 2s. 

"Cannot but prove an acquisition to those studying Navlon." Marine Engineer. 

Practical Mechanics : Applied to the requuents of the Sailor. 
By THOS. .MACKENZIE, Master Mariner, F.R.A.S. SBOONIDITION, Revised. 3s. 6d. 
WELL WORTH the money . . . EXCEEDINGLY HELPFU Shipping World. 

Trigonometry : For the Young Sailor, &c. ByiOH. C. BUCK, of the 
Thames Nautical Training College, H.M.S. " Worcester " THIRD EDITION, Revised. 
Price 3s. 6d. ' " 

"This EMINENTLY PRACTICAL and reliable volume." Schanaster. 

Practical Algebra. By RICH. C. BUCK. Com,nion Volume to the 
above, for Sailors and others. SECOND EDITION, Revised.Price 3s. 6d. 
" It is JUST THE BOOK for the young sailor mindful of progrs." Nautical Magazine. 



The Legal Duties of Shipmasters. By BE^EICT WM. G INSBU '!^? 

M.A., LL.D., of the Inner Temple and Northern Circuit: Irrister-at-law. SECOND 

EDITION, Thoroughly Revised and Enlarged. Price 4s. 6d. ,, 

" INVALUABLE to masters. ... We can fully recommed it." Shipping Gazette. 

A Medical and Surgical Help for Shipmastes. Including First 

Aid at Sea. By WM. JOHNSON SMITH, F.R.C.S., Principal ledical Omcer, Seamen s 

Hospital, Greenwich. THIRD EDITION, Thoroughly Revisei. 6s. 

" SOUND, JUDICIOUS, REALLY HELPFUL." The Lancet. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAHD. 
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THIRTKENTH Eurriox, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 
By GEORGE REID, M.D., D.P.H., 

felfaw, Mem. Council, and Examiner, Sanitarv Institute of Great Britain, 
and Medical Off.ter to the Staffordshire County Council. 

Witb an $ppend( on Sanitarg 3Law. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for tte County Boroicgfi of West Bronauick. 

GENERAL CONTENTS. Introduction. Water Supply: Drinking Water, Pollution of 
Water. Ventilation and Warming. Principles of Sewage Removal. Details of Drainage ; 
Refuse Removal and Disposal.-Sanitary and Insanitary Work and Appliances. Details of 
Plumbers' Work. House Construction. Infection and Disinfection. Food, Inspection of ; 
Characteristics of Good Meat; Heat, Milk, Fish, &c., unfit for Human Food. Appendix: 
Sanitary Law; Model Bye-Laws, ,vc. 

" A VERY USEFUL HANDBOOK, wli a very useful Appendix. We recommend it not only to SALUTARY 
INSPECTORS, hut to HOUSEHOLDERS and ALL interested in Sanitary' Matters." Sani!.iry Rcard. 



In Handsome Cloth. With 53 Illustrations. 35. 6d. net. 

LESSONS ON SANITATION, 

BY JOHN \VM. HARRISON, M.R.SAN.L, 

Mem. Incor. Assoc. Mtui. and County Engineers ; Surveyor, Wombwell, Yorks. 

CONTENTS. Water Supply .-Ventilation. Drainage. Sanitary Building Construction. 
Infectious Diseases. Food Inspection. Duties of an Inspector of Nuisances and Common 
Lodging-Houses. Infectious Diseases Acts. Factory and Workshop Acts. Housing of 
the Working-Classes Act. Slop Hours Acts. Sale of Food and Drugs Acts. The Mar- 
garine Acts. Sale of Horseflesh, &c., Rivers Pollution. Canal Boats Act. Diseases of 
Animals. Dairies, Cowshedssnd Milksliops Order. Model Bye-Laws. Miscellaneous. 
INDEX. 

"Accurate, reliable, and compiled with conciseness and care." Sanitary Record. 



SECOND EDITION, Revised, in Crown Svo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Practical Manual of Jown Drainage and Sewage and Refuse Disposal. 

For Sanitary Arthorltles, Engineers, inspectors, Architects, 

Contractors, and Students. 

BY FRANCIS WOOD, A.M.lNsr.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 

GENERAL CONTENTS. 

Introduction. Hydraulics. Velocity of Water in Pipes. Earth Pressures and Retaining 
Walls. Powers. House Drainage. Land Drainage. Sewers. Separate System. Sewage 
Pumping. Sewer Ventilatim. Drainage Areas. Sewers, Manholes, &c. Trade Refuse. 
Sewage Disposal Works. Bacterial Treatment. Sludge Disposal. Construction and 
Cleansing of Sewers. Refise Disposal. Chimneys and Foundations. 

" The volume bristles with information which will bd greedily read by those in need of assistance. The 
book is one that ought to be on the bookshelves of EVERY PRACTICAL ENGINEER.'' Sanitary Journal. 

" A VERITABLE POCKET COMPENDIUM of Sanitary Engineering-. ... A work which may, in 
many respects, be considered as COMPLETE . . . CO MMENDABL.Y CAUTIOUS . . . INTERESTING 
. . . SUGGESTIVE." Pnilic Htaltb Engineer. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



